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In this study, phenotypic characters and biochemical analysis observed from leaves were carried out to evaluate the  
T1 population of transgenic cosmos that had inserted SoSPS1 (Sucrose Phosphate Synthase isoform in sugarcane) by floral 
dip using A. tumefaciens strain GV3101 carrying the recombinant plasmid pRI101AN-SoSPS1 and nptII gene as a selection 
marker. Sucrose phosphate synthase plays an essential role in sugar accumulation. Furthermore, the gene insertion is 
prospectively predicted to influence plant growth characteristics and accumulation of biochemical compounds. Information 
related to the impact of SoSPS1 overexpression on the accumulation of biochemical compounds in yellow cosmos is still 
relatively rare. The research material is cosmos seeds that have been transformed in previous research. Phenotypic 
characters according to UPOV descriptors, confirmation of the presence of the SoSPS1 gene, and biochemical analysis 
(reduction sugar, total sugar, sucrose, total phenol, and chlorophyll a, and b) were observed in the T1 plant population. The 
results showed the segregation of growth type, stem anthocyanin, branch density, and an increase in the character of 
internode length (24.64%) and diameter of the stem (12.21%). The chlorophyll content of leaves of transgenic and wild-type 
plants showed similar levels: increased phenol content (17.52%), reduced sugar (28.77%), and total sugar (14.71%). The 
higher phenol content in the transgene cosmos can make this plant a suitable resource for possible production of 
bioherbicide. 
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Along with the intensification of agriculture, the use 
of herbicides is increasing rapidly, sometimes even 
not following the type and density of weeds, 
inappropriate growth phases, and incompatible 
climatic conditions. This causes the accumulation of 
active compounds in the soil, the abundance of certain 
types of weeds, accelerates the evolution of herbicide-
resistant plant biotypes, and has an indirect impact on 
human health. These problems encourage research to 
find alternative bioactive compounds that can act as 
natural herbicides1. The content of bioactive 
compounds produced by living organisms has the 
potential to be used as an environmentally friendly 
herbicide known as bioherbicide2. Bioherbicides from 
plant secondary metabolites that have allelopathic 
activity with inhibitory effects on the growth of other 
plants are called natural herbicides2,3. 

The allelopathic activity was also shown from the 
flower extract of Cosmos sulphureus Cav. or yellow 

cosmos against the growth of Cyperus rotundus L. 
The content of gallic acid phenol at 14.96% of 
cosmos flower extract was able to inhibit growth, 
reduce NPK and chlorophyll content, and reduce the 
photosynthetic rate of C. rotundus weeds4,5. Ethanolic 
and methanolic extracts from C. sulphureus leaves 
and flowers present compounds such as terpenoids, 
phenolic, tannins, and flavonoids which have 
allelopathic effects5-7. However, studies on the 
potential of cosmos as a bioherbicide are still limited 
because generally this plant is used as an ornamental 
plant, refugia, and natural dye7. For this reason, it is 
necessary to increase the secondary metabolite 
content of gallic acid in plants so that it can optimize 
its role as a bioherbicide. 

Efforts to increase the content of secondary 
metabolites in cosmos plants can be made through 
cultivation techniques such as optimization of SP36 
fertilizer, crosses, and analysis of genetic diversity of 
cosmos species through RAPD and ISSR molecular 
markers8,9, polyploidization using colchicine for 
induction of tetraploid cosmos10, and genetic 
engineering of cosmos through the insertion of 
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SoSPS1 gene in planta11. SoSPS1 is a cDNA clone 
from sugarcane (Saccharum officinarum) that 
expresses the enzyme sucrose phosphate synthase 
(SPS)12. 

The enzyme is a key enzyme in regulating the 
synthesis of plant sucrose through the formation of 
sucrose-6-phosphate from fructose-6-phosphate and 
UDP-glucose. Overexpression of the SoSPS1 gene in 
sugarcane plants can increase leaf sucrose content and 
increase plant height and the number of clumps of 
transgenic plants compared to control plants13. 
Insertion of the Arabidopsis SPS gene in tobacco 
plants (Nicotiana tabacum cv. Xanthi) under the 
regulation of the 35S Cauliflower Mosaic Virus 
(CaMV) promoter was able to increase the 
concentration of sucrose in the storage organ (sink). 
In addition, it showed an increase in stem height, 
diameter, and total plant biomass weight14. SoSPS1 
gene transformation in tomato plants can increase SPS 
activity 2-fold higher than in non-transgenic plants15. 
Although it is known that SPS gene insertion can 
improve phenotypic characters and sucrose content in 
plant organs, there is no detailed information related 
to phenotypic changes and accumulation of phenol 
compounds against SoSPS1 transgenes. This study is 
expected to provide information on the evaluation of 
phenotypic changes and the accumulation of phenol 
compounds in SoSPS1 transgenic plants. 

 
Materials and Methods 

The research material was yellow cosmos seeds 
from previous research11. Seeds had been transformed 
by floral dip with Agrobacterium tumefaciens strain 
GV3101 carrying the recombinant plasmid 
pRI101AN-SoSPS1 equipped with kanamycin 
antibiotic resistance selection markers. The cosmos 
T1 seeds used were selected from two florets (the first 
floret containing 11 seeds, the second floret 
containing 10 seeds) and 10 wild-type cosmos seeds. 
Cosmos plants were grown in polybags on soil and 
manure media (2:1). Plants are treated until the 
maximum vegetative phase (6-8 weeks) along with 
which phenotype character observations are also 
carried out. Molecular analysis was performed on a 3-
week-old cosmos plant. Biochemical analysis was 
performed on the 9th and/or 10th leaf segments. 

 
Selection of T1 yellow cosmos transgene SoSPS1 

SoSPS1 transgenic T1 yellow cosmos seeds were 
germinated on filter paper moistened with 50 ppm 
kanamycin antibiotic solution for 1 week. Seeds that 

germinated indicated resistance to kanamycin 
antibiotics, so they were transplanted in polybags 
containing a mixture of soil and manure11,16. Plants 
were grown in a greenhouse so that phenotypic 
characterization and molecular analysis could be 
carried out for confirmation of the SoSPS1 transgene. 

 
Confirmation of T1 yellow cosmos transgene SoSPS1 

T1 yellow cosmos putative transgene SoSPS1 2-3 
weeks after transplanting were taken 100mg of leaves 
to be used in DNA extraction. DNA extraction used 
2% CTAB following the results of previous 
studies16,17. Extracted DNA samples were used in 
molecular analysis through PCR amplification. PCR 
analysis was used to detect the presence of SoSPS1 
transgene in yellow cosmos plants that had been 
transformed by floral dip. Amplification of the 
SoSPS1 transgene used primer CaMV-35S  
(5-GAAGACGTTCCAACCACG-3) and SPS-P9 
(5ACACGGTATGCGCACAATGTA-3).  

The length of the amplified DNA bands ranged 
from 700-1000 bp. The PCR reaction composition 
consisted of 5 µL Powerpol Master Mix, 2 µL 
nuclease free water, 1 µL for each forward and 
reverse primer (10 mM), and 1 µL DNA sample. 
DNA amplification was performed using a PCR 
T100TM thermal cycler Bio-Rad with settings in the 
form of pre-denaturation at 95°C for 3 min followed 
by 39 cycles consisting of denaturation at 95°C for  
30 Sec, annealing at 60°C for 30 Sec, extension at 
72°C for 1 min, and final extension at 72°C for 5 min. 
PCR results were separated using electrophoresis 
(Bio-Rad) in a 1% agarose gel that has been added 
DNA staining and using a Smobio DNA ladder, then 
visualized under a UV transilluminator. 

 
Characterization of yellow cosmos phenotype 

Vegetative characteristics of yellow cosmos plants 
were observed when they reached their optimum 
vegetative phase, which occurred 6-8 weeks after 
transplanting. The observed characteristics include 
both qualitative and quantitative traits of the yellow 
cosmos plants. The qualitative and quantitative traits 
observed follow the yellow cosmos characterization 
guidelines published by the International Union for 
the Protection of New Varieties of Plants/ UPOV18.  

The qualitative characteristics of yellow cosmos 
investigated, including growth habitus, stem color, 
anthocyanin present in the stem, branch density, 
trichomes, leaf type, number of lobes, leaf tip form, 
leaf apex, upper and lower leaf color, leaf texture, and 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 61, NOVEMBER 2024 
 
 

706

anthocyanin in leaves. Plant height, node number, 
internode length, stem diameter, leaf length, leaf 
width, and petiole are quantitative characteristics. 

 
Biochemical observations of total phenol content  

Samples of yellow cosmos plant leaves were 
weighed approximately 2 g and then pulverized with a 
blender/mortar and dissolved with distilled water. The 
extract obtained was then filtered in 100 mL 
volumetric flask and added to the full volume with the 
solvent used in the extraction. This solution was used 
as a stock solution for the analysis of total phenol 
content. Total phenol content analysis was measured 
by Folin-Ciocalteu method. A total of 1 mL of stock 
solution was transferred in a test tube then add 0.5 mL 
of Folin-Ciocalteu reagent and 1 mL of sodium 
carbonate and add distilled water to full volume. Then 
incubate for 10 min at room temperature and measure 
the absorbance at 750 nm. Measurements were also 
made of a blank solution that was prepared with all 
reagents but no sample solution was added. The 
analysis was done with 3 replicates. The results were 
seen based on the calibration of the gallic acid 
standard curve so that the content of mg gallic acid 
equivalents /gram sample weight was obtained19,20. 

 
Measurement of reducing sugar (Nelson-Somogy spectrophotometric 
method)  

Samples of yellow cosmos leaves were weighed as 
much as 1 g then mashed and dissolved with distilled 
water to a volume of 100 mL in a volumetric flask. 
The solution was homogenized and filtered with filter 
paper then 1 mL was taken and 1 mL of Nelson C 
reagent was added (a mixture of Nelson A and Nelson 
B in a ratio of 25:1). The mixed solution was then 
heated in a waterbath at 100℃ for 30 min, after the 
solution cooled down, 1 mL of arsenomolybdate 
reagent was added and homogenized with a vortex 
and then added distilled water until the volume 
became 10 mL. After that, the solution was 
homogenized and the absorbance was read using a 
spectrophotometer at a wavelength of 540 nm. The 
absorbance results were recorded and calculated 
based on the standard curve that had been made21. 

 
Total sugar measurement (Nelson-Somogy spectrophotometric 
method)  

Leaf samples were crushed as much as 1 gram and 
then dissolved with 50 mL of distilled water in an 
erlenmeyer then added 5mL of 25% HCL and heated 
in a water bath at 100℃ for 10 min after cooling, 
distilled water was added to a volume of 100 mL in a 

volumetric flask. The solution was homogenized and 
then filtered to obtain the filtrate. The filtrate was 
taken 1 mL of Nelson C reagent was added and 
heated in a 100℃ water bath for 30 min. After the 
solution cooled, 1 mL of arsenomolybdate was added 
and homogenized with a vortex then added water until 
the volume became 10 mL. After that, the solution 
was homogenized and the absorbance was read using 
a spectrophotometer at a wavelength of 540 nm. The 
absorbance results were recorded and calculated 
based on the standard curve that had been made21. 
 
Sucrose measurement by spectrophotometric method 

Measurement of sucrose content is done by 
entering the value of total sugar content and reducing 
sugar content into the following formula:  

 

% sucrose = % total sugar contents - % dissolved sugar22. 
 
Chlorophyll a and b measurement  

Determination of total chlorophyll, chlorophyll a, 
and chlorophyll b content in leaves was carried out 
using the Arnon method23,24. Extraction with Arnon 
method using 80% acetone and measurement of 
absorbance value of chlorophyll solution at 
wavelength (λ) 663 and 645 nm. Calculation of 
chlorophyll a, chlorophyll b, and chlorophyll total 
(mg g-1) were calculated using the formula:  

 

Chlorophyll a = [12.7 (𝐷663) -2.69 (𝐷645) ]×𝑉1000×𝑊 
 

Chlorophyll b = [22.9 (𝐷663) -4.68 (𝐷645) ×𝑉 1000×𝑊 
 

Total chlorophyll = [8.02 (𝐷663) -20.2 (𝐷645) ×𝑉 1000×𝑊 
 
Where: 

 

D = absorbance measured at 663/645 nm wavelength 
 

V = final volume of chlorophyll extract in 80% acetone, 
 

W = fresh weight of plant tissue  
 
Data analysis 

Analysis independent T-test using IBM SPSS to 
determine the significant difference between two 
treatments (T1 transgene SoSPS1 and wild-type 
plants) for each observation character.  
 

Results 
 

Selection of T1 yellow cosmos transgene SoSPS1  
Transgenic plants were selected at the germination 

stage using 50 ppm kanamycin antibiotic (Fig. 1).  
In this investigation, there were 20 cosmos seeds that 
could germinate from both florets 1 and 2. The 
growing plants were molecularly validated with 
SoSPS1-specific primers. Accession A had 6 plants 
(A5, A6, A7, A8, A9, A10) that tested positive for the 
SoSPS1 transgene, while accession B had 8 plants 
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(B2, B3, B4, B5, B6, B7, B8, B10) (Fig. 2).  
The amplified DNA band measured 700 bp  
(as indicated by an arrow). Percentage of  
yellow cosmos plants resulting from floral dip 
transformation with confirmed transgenes SoSPS1 
was 70% (Table 1). 

 

Phenotypic characterization of T1 yellow cosmos transgene 
SoSPS1 

The results showed qualitative and quantitative 
phenotypic character variations in yellow cosmos T1 
transgenic SoSPS1 plants. The growth of wild-type 
yellow cosmos is 100% upright type, while in 
transgenic plants, there are variations in proportions, 
namely 64.29% upright type, 21.43% semi-upright 
type, and 14.29% spreading type. The stem color 
between wild-type and transgenic plants almost has 

the same proportion, which is dominated by green 
(50%). There are variations in transgenic plants, 
namely the category of no anthocyanins (35.71%) and 
weak anthocyanins (64.29%), while in wild-type 
plants, 100% showed no anthocyanins. Branch 
density in wild-type plants was only found to be 
characterized by moderate density (100%), while in 
transgenic plants there was moderate density 
(78.57%) and dense (21.43%). Wild-type yellow 
cosmos plants and SoSPS1 transgenic plants showed 
the presence of stem trichome characteristics in the 
same proportion (Table 2). 

Wild-type and transgenic T1 yellow cosmos plants 
had similar proportions of leaf type (100% bipinnate 
board type), leaf terminal (100% multiple terminal 
types), and lower leaf color (100% whitish green 
type) characters. Two types of leaves observed in this 
study were pointed (42.86%) and oval (57.14%) in 
transgenic yellow cosmos plants, while only pointed 
leaf tip shapes were shown in the wild type (100%). 
Leaf indentation in transgenic plants showed a 
variation in proportion dominated by medium 
indentation type (71.43%), while in wild-type plants, 
only plants with deep indentation type were found 
(100%). Upper leaf color characters showed a 
dominance of dark green color type with a proportion 
above 50% in both wild-type and transgenic  
plants. The leaves of transgenic plants showed 
variations in coarse texture (57.14%) and fine texture 
(42.86%), while wild-type plants all showed fine 
texture (100%). Leaf anthocyanins in transgenic 
plants showed weak anthocyanins (78.57%) and 
moderate anthocyanins (21.43%), while wild-type 
plants tended to have weak anthocyanins (100%) 
(Table 2). 

The phenotype of yellow cosmos T1 transgenic 
SoSPS1 plants in quantitative characters of stems and 
leaves did not show significant differences with wild-
type plants, except for the characters of internode 
length and diameter. Transgenic plants showed an 
increase in internode length (24.64%) and internode 
diameter (12.21%). Quantitative characters of wild-
type yellow cosmos plants also showed an increase 
but insignificant in plant height, number of 
internodes, leaf length, width, and petiole length 
(Table 3). At the seedling stage, transgenic plants 
showed relatively higher plant height growth than 
wild-type yellow cosmos plants, as well as in the 
vegetative growth phase, although statistically, there 
was no significant difference (Fig. 2). Based on this 
figure, the leaves of transgenic yellow cosmos plants 

 
 

Fig. 1 — The selection of yellow cosmos seeds putative transgene 
SoSPS1 using kanamycin continued with the care of seedlings that 
passed the kanamycin selection. 
 

 
 

Fig. 2 — Visualization of amplification results of yellow cosmos 
T1 transgenic SoSPS1 plants. L. 1kb DNA ladder, A. Plants from 
florets 1 (A1-A10), B. Plants from florets 2 (B1- B10), P. plasmid 
pRI101 as positive control. 
 

Table 1 — Percentage of yellow cosmos plants with  
confirmed transgene SoSPS1 

Number of 
seeds 

Number of 
germinated seeds 

Number of positive 
transgene SoSPS1 

% Positive 
SoSPS1 

21 20 14 70% 
Note: Percentages are based on the number of SoSPS1 transgenic T1 
yellow cosmos seeds that germinated and grew in the greenhouse. 
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showed an oval leaf tip shape and a medium-type leaf 
curve. The internode length and diameter differences 
between wild-type and transgenic plants are also 
visually easy to observe. The seated appearance of the  

Table 3 — Quantitative characters of habitus (stem) and leaves  
of yellow cosmos transgene SoSPS1 

 Wild type Transgene 
SoSPS1 

% 
increased 

T-Test P value 

A. Stem      
Plant height 
(cm)  

90.67±2.08 102.15±18.28 5,95 1.059 0.308ns 

Number of 
nodes (unit)  

15.00±2.45 16.5±3.46 4,76 0.803 0.433ns 

Internode 
lenght (cm)  

4.25±0.25 7.03±1.70 24,64 2.76 0.015* 

Diameter 
(mm)  

9.53±0.11 12.18±2.03 12,21 2.19 0.047* 

B. Leaves      
Leaflenght 
(cm)  

18.80±1.06 21.57±5.23 6.86 0.893 0.384ns 

Leaf width 
(cm)  

20.79±1.86 26.35±9.00 11.79 1.041 0.313ns 

Petiole (cm)  9.79±0.751 10.04±1.68 1.26 0.248 0.808ns 
 

leaves from the top of the transgenic yellow cosmos 
plants shows a denser/fuller character, while the  
wild-type plants tend to be loose/not full (Fig. 3). 

 
Biochemical observations 

The chlorophyll content of the leaves including 
chlorophyll a, chlorophyll b and total chlorophyll 
showed no significant difference between the 
transgenic and wild type plants. This indicates that the 
leaves have relatively the same level of green color. 
The Lab* color of the leaves based on measurements 
using the Minolta Chromameter tool showed  
similar L* (brightness) values between the leaves of 
transgenic yellow cosmos plants and the wild type, 
but significantly different values of a* (green) and b* 
(yellow). The a* and b* values of transgenic plants 
were greater than those of wild-type plants, indicating 
that the leaves of transgenic plants have a darker 
green leaf color. Analysis of the biochemical content 
of leaf organs of yellow cosmos plant transgenic 
SoSPS1 showed an increase in the content of total 
phenols, reducing sugars, and total sugars in leaf 
organs, but caused a decrease in leaf sucrose content 
(Table 4). 
 
Discussion 

The result showed that 70% of yellow cosmos 
plants have been confirmed putative transgene 
SoSPS1 through molecular analysis (Table 1). The 
transgene plant percentage from this study is 
relatively large. Previous research on the floral dip 
transformation of yellow cosmos showed that the 
floral dip method was most efficient when the flower 

Table 2 — Qualitative characters of habitus, stem, and leaves  
of yellow cosmos transgene SoSPS1 and wild type plants 

Character Sub character Proportion of sub 
character (%)  

  Wild Type Transgene 
SoSPS1 

A. Plants growth habitus    
1. Growth Upright 100 64.29 
 Semi upright 0 21.43 
 Spreading 0 14.29 
B. Trunk    
1. Stem color Bright green 25 21.43 
 Green 50 50.00 
 Dark green 25 28.57 
2. Anthocyanins Absent 100 35.71 
 Weak 0 64.29 
 Strong 0 0.00 
3. Branch density Tenuous 

segments  
0 0.00 

 Medium 100 78.57 
 Tight 

segments 
0 21.43 

4. Trichomes Absent 100 100.00 
 Present 0 0.00 
C. Leaves    
1. Leaf type Board 

bipinnate 
100 100 

 Bipinnate 0 0 
2. Number of lobes Medium 0 0 
 Many 100 100 
 Very many 0 0 
3. Leaf tip shape Taper 100 42.86 
 Oval 0 57.14 
4. Leaf apex Shallow 0 7.14 
 Medium 0 71.43 
 Deep 100 21.43 
5. Upper leaf color Yellowish 

green 
0 0 

 Light green 0 21.42 
 Green 33.33 21.42 
 Dark green 66.67 57.14 
6. Lower leaf color Light 100 100 
 Medium 0 0 
 Green 0 0 
7. Leaf texture Rough 100 57.14 
 Smooth 0 42.86 
8. Anthocyanin Absent 0 0 
 Weak 100 78.57 
 Strong 0 21.43 
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buds were dipped into Agrobacterium suspension. 
This method enhanced the transformation 
efficiency11,25. The gene encoding neomycin 
phosphotransferase II (nptII) transformation in yellow  
cosmos by floral dip has also been reported to 

produce 73.33% transformation efficiency based on 
the total number of kanamycin antibiotic-resistant 
plants16. Kanamycin was utilized as a selection 
marker because chimeric or albinos were excluded 
during selection.  

 
 

 

Fig 3 — Morphological characters of yellow cosmos T1 transgene SoSPS1 and wild-type plants. (A) T1 cosmos seedlings transgene 
SoSPS1; (B) Wild-type cosmos seedlings; (C) Leaf of cosmos T1 transgenic SoSPS1 plant; (D) Leaf of wildtype cosmos plant; 
(E) Habitus of cosmos T1 transgene SoSPS1 plants; (F) Habitus of wild-type cosmos plants; (G) Stem of cosmos T1 transgene SoSPS1 
plant; (H) Stem of wild-type cosmos plant; (I) Visualization of seated leaf appearance from the top of the cosmos T1 transgene SoSPS1; 
and (J) Visualization of seated leaf view from the top of wild-type cosmos plants 
 

Table 4 — Chlorophyll content, Lab* color, and biochemical content of yellow cosmos leaves in transgene SoSPS1 and wild type 
 Wild type Transgene SoSPS1 % increased T-Test P Value 
A. Chlorophyll      
Chlorophyll a (mg/g)  0.226±0.039 0.232±0.024 1.31 0.438 0.668ns 
Chlorophyll b (mg/g)  0.412±0.069 0.421±0.045 1.08 0.422 0.678ns 
Total Chlorophyll (mg/g)  0.639±0.003 0.643±0.027 0.31 0.229 0.822ns 
B. Lab* Color      
L* Chroma 43.798±5.402 43.666±4.673 -0.15 0.067 0.947ns 
a Chroma -7.204±1.352 -9.961±1.731 16.06 -4.467 0.001* 
b Chroma 8.220±1.234 10.459±3.397 11.98 2.159 0.041* 
C. Biochemical content      
Reduced sugar content 
(mg/g dry weight)  

0.250±0.09 0.452±0.06 28.77 4.848 0.001* 

Total sugar content 
(mg/g dry weight)  

0.435±0.13 0.585±0.10 14.71 2.190 0.045* 

Sucrose 
(mg/g dry weight)  

0.283±0.18 0.207±0.10 -15.51 1.020 0.324ns 

Total Phenol (%)  0.153±0.02 0.218±0.04 17.52 2.351 0.043* 
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The floral dip transformation method has the 
potential to hasten the production of transgenic plants, 
as it is a relatively quick way of introducing T-DNA 
into plants, circumventing the more tedious and  
labor-intensive tissue culture protocols. This  
method can also produce relatively uniform offspring 
(not experiencing chimeras) and minimize somaclonal 
variations that occur during the regeneration process 
through tissue culture; besides, this method is 
considered more straight forward and repeatable26,27. 

The amplification results with the primer pair 
CaMV-35Sand SPS-P9 produced a DNA band 
measuring about 700 bp (Fig 2), then the inserted 
SoSPS1 gene is a target gene that has lost the N-
terminal domain (∆SPS). If the amplified DNA band 
is 1kb, it is confirmed that the plant sample has an 
insertion of the SPS gene whose N-terminal part is 
still intact (full-SPS)15. In this study, SoSPS1 putative 
transgene T1 plants showed differences in phenotypic 
characteristics compared to wild-type plants including 
growth habitus type, stem anthocyanin, branch 
density, stem trichomes, leaf tip shape, leaf apex, leaf 
texture and anthocyanin accumulation (Table 2). The 
ideal transgenic plant for most research and breeding 
purposes would include a single, intact copy of the 
desired transgene inserted into a nonfunctional 
portion of the plant DNA without producing further 
DNA changes to the host plant. However, the 
transgene insertion site cannot be predetermined using 
current plant transformation techniques. This means 
that transgenes cannot be directed to nonfunctional 
regions of the genome and must be detected after 
insertion. T-DNA insertion can disrupt or change 
gene function or expression in all aspects of plant 
biology. Disrupting these genes may result in 
transgenic plants with unexpected phenotypes28. The 
observation of variation in phenotypic characters is 
also due to the SoSPS1 gene being integrated into the 
nucleus of yellow cosmos cells, which will then 
participate in the meiotic division during fertilization. 
The T-DNA carried by A. tumefaciens contains 
selection marker genes and desirable genes, which 
can be passed on to the next generation and 
segregated based on Mendelian Genetics29. Stable 
transformation involves incorporating of exogenous 
genes in the plant genome, which will lead to the 
expression of new traits passed on to the next 
generation of transgenic plants30. 

The phenotypic characters of yellow cosmos T1 
transgenic SoSPS1 showed a significant increase in 

the quantitative characters of plant habitus (internode 
length and diameter) (Table 3). This result is because 
the overexpression of the SoSPS1 gene increases SPS 
activity and sucrose content in transgenic plants. The 
results of this study are the same as previous research 
on sugarcane (Saccharum officinarum)13,31. SPS 
catalyzes the conversion of fructose-6-phosphate  
(F-6-P) and UDP-glucose (UDP-G) to sucrose-6-
phosphate (S-6-P), which serves as a substrate for 
sucrose phosphate phosphatase (SPP). The final stage 
involves the elimination of the phosphate group, 
which produces sucrose. In addition to its well-known 
role in sucrose biosynthesis in source leaves, it is 
becoming obvious that SPS has a critical role in 
heterotrophic cells involved in net sucrose 
breakdown. As a result, SPS is important in 
carbohydrate metabolism because it regulates the 
carbon partitioning between starch generation and 
carbohydrate (sucrose) accumulation in a variety of 
physiological and developmental processes32.  

The sucrose signaling pathway was used for 
maintaining sucrose demand, and it demonstrated the 
association between increasing sucrose and activation 
of genes regulating shoot apical meristem 
development (SAM). As a result, transgenic plants 
exhibited higher biomass and a shorter time required 
to convert to reproduction than those of control plants, 
indicating altered phyllotaxis and more rapid 
development through developmental stages in the 
transgenic plants33. A similar correlation was 
observed in clump sections, but a higher correlation 
was noted between SPS activity and sugar content. 
These results indicate that SPS overexpression, 
directly and indirectly, affects sugar concentration and 
SAI activity in sugarcane. In addition, SPS 
overexpression significantly increased plant height 
and stalk number in some transgenic lines compared 
to non-transgenic controls. In rice, it was shown that 
overexpression of the SoSPS1 gene significantly 
increased transcription and protein levels, followed by 
an increase in SPS activity and sucrose content in the 
leaves of transgenic lines12,13. Furthermore, the 
activity of the enzyme invertase will increase 
compared to the enzyme sucrose synthase, which will 
lead to increased growth and development of 
transgenic plants. This will improve the height and 
number of clumps in transgenic plants compared to 
wild-type plants31. The transgenic sugarcane lines 
overexpressing SoSPS1 gene had an increase in 
nitrogen uptake from the soil rhizosphere, thereby 
inducing a higher growth rate34. 
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The chlorophyll a, b, and total chlorophyll content 
of the leaves of transgenic yellow cosmos showed  
no significant difference with the chlorophyll of  
wild-type plants. Still, based on the Lab* value, it is 
known that the transgenic plants have a more 
dominant green color than the wild type. Leaf color 
gives a good indication of chlorophyll content35. 
Chlorophyll is a green molecule in plant cells that 
plays a vital role in photosynthesis. There are two 
types of chlorophyll in plants, chlorophyll a and b, 
both of which work as photoreceptors in 
photosynthesis23. Two approaches to measure the 
physiological quality of leaves have been developed 
to monitor plant health and chlorophyll concentration: 
destructive and not destructive (using RGB/ Red 
Green Blue or Lab* color models)24. According to 
previous research36, protein and nitrogen contents 
were significantly more significant in SP1 and SP3 
transgenics plant strains, including potassium  
content in leaf and stem organs. This result may have 
caused the difference in leaf color. Chlorophyll  
can absorb sunlight and use its energy to  
synthesize carbohydrates from CO2 and water23. 
Chlorophyll, a chemical that captures light during 
photosynthesis, increases in the presence of  
glucose. In rice seedlings growing in the dark,  
glucose accumulation enhances chlorophyll synthesis, 
but as glucose concentration rises, the effect on 
photosynthesis becomes suppressive. Very high 
glucose concentrations have been proven to inhibit 
chloroplast development. This reduction could be 
attributed to inhibited transcription of photosynthetic 
genes controlled by glucose and sucrose molecules37. 
Thus, overexpression of SoSPS1 allows for glucose 
accumulation alterations, affecting leaf chlorophyll 
development. 

Biochemical analysis of the leaves of yellow 
cosmos T1 transgenic SoSPS1 plants showed an 
increase in reducing sugars, total sugars, and total 
phenol content except sucrose content (Table 4). 
These results are different from previous research, in 
which the presence of SPS transgenes in several 
transgenic plant strains can be expressed at the 
translational level and increase leaf SPS activity 
compared to wild-type sugarcane plants, resulting in 
an increase in sucrose content in leaf organs38,39. 
Increased SPS activity led to a reduction in starch and 
an increase in sucrose in tomato leaves but no 
increase in sucrose content in the fruit. These results 
indicate that SPS is involved in the regulation of 
carbon partitioning40. 

Since the discovery of sucrose biosynthesis, much has 
been learned about the control and significance of 
sucrose in plant functional biology. Sucrose is the 
primary result of photosynthesis in higher plants, as well 
as a transport molecule in growth, development, storage, 
signal transduction, and stress response41. This study 
revealed that leaf sucrose accumulation was lower than in 
wild-type plants. This result assumes that yellow cosmos 
plants require carbohydrates in simple forms, specifically 
glucose and fructose, to maintain their growth during the 
vegetative period. SuSy and INV are enzymes that help 
decompose sucrose42. The total phenols in yellow 
cosmos leaves with the SoSPS1 transgene increased 
compared to wild-type plants. These findings are 
consistent with previous research suggesting that the 
accumulation of carbon molecules (glucose, fructose, 
mannitol, maltose, and sucrose) influences the 
accumulation of secondary metabolites and the 
expression of several essential genes. The content of 
soluble sugars in plants, particularly leaf organs, can 
trigger the accumulation of secondary metabolites, 
particularly total phenols content (gallic acid)43-45. The 
accumulation of gallic acid in yellow cosmos extract 
significantly reduced the number of mother shoots, 
daughter shoots, and roots, as well as the length of 
mother leaves, rhizome length, roots, and total leaf area 
of the weed C. rotundus. These findings suggest that 
cosmos extract has the potential for controlling  
C. rotundus4,5.  
 

Conclusion 
The yellow cosmos plants transgene SoSPS1 caused 

an increase in plant phenotypic characteristics, especially 
the length and diameter of stem internodes. Destructive 
and non-destructive leaf color characters showed 
similarities between the leaves of transgenic plants and 
the wild type. Biochemical analysis of leaves showed 
increased phenol, reducing sugar, and total sugar content. 
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