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Extended abstract
Introduction

The Snakin/GASA protein family in plants plays a crucial role in regulating plant growth, defense, and
bacteriostasis. These proteins are involved in various signaling pathways that help plants respond to pathogens.
Additionally, they have been found to interact with other proteins to modulate gene expression and promote plant
development. These peptides play a crucial role in protecting plants from pathogens by disrupting their cell
membranes or interfering with their cellular processes. The Snakin/GASA proteins also have the ability to induce
systemic resistance in plants, enhancing their overall defense mechanisms against various threats. Furthermore, it
has been established that these peptides play a role in the development of plant adaptations to a wide range of
abiotic stresses. Overall, the multifunctional nature of Snakin/GASA proteins highlights their importance in plant
defense and adaptation mechanisms. Their diverse roles make them valuable targets for further research in
improving crop resilience and productivity in challenging environments. Therefore, in this study Snakin/GASA
family members were identified and analyzed in Echinacea purpurea.

Materials and methods

To identify the members of the Snakin/GASA gene family in the transcriptome of E. purpurea, RNA sequencing
data from different tissues and growth periods of E. purpurea were obtained from the NCBI database and after
processing the data, transcriptome assembly was performed. The obtained transcripts were documented using the
BLASTX tool against non-repetitive protein (NR) data. After mapping the clean reads with the reference assembly,
the expression level of the transcripts was calculated in terms of FPKM (Fragments Per Kilobase of transcript per
Million mapped reads: FPKM). In the next step, protein sequences related to the Snakin/GASA antimicrobial
peptide family of different plants were obtained from the NCBI database, and a consensus sequence was created
using multiple alignments. Then, the consensus protein sequence obtained from the multiple alignment, which was
conserved in all Snakin, was compared against the Echinacea transcriptome assembly using the tBLASTn tool
with an e-value threshold of less than 0.001. After bioinformatic confirmation of the identified sequences, RNA
extraction, cDNA library preparation, amplification, and sequencing of target genes were performed to confirm
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the sequences of the identified genes and downstream analysis. Also, gene and protein structure analysis,
physicochemical properties, and evolutionary and phylogenetic relationships were performed for the target
sequences. Finally, the in silico relative expression of the identified Snakin/GASA genes in different Echinacea
tissues was evaluated.

Results and discussion

In the current study, a comprehensive de novo transcriptome assembly of E. purpurea was achieved using RNA-
seq data, yielding over 698 million raw reads from different tissues. After quality control and trimming,
approximately 533 million clean reads remained, indicating that about 24% of the raw reads were discarded,
highlighting the importance of data preprocessing in transcriptomic studies. The assembly generated 27,679 unique
transcripts, with an N50 value of 1373 and the longest transcript being 8823 nucleotides. These metrics indicate
high assembly quality. BLASTx annotation against the non-redundant protein database revealed that 81.16% of
the unigenes (22,466) had significant similarity to known sequences, and 7,740 were functionally annotated with
Gene Ontology (GO) terms. The study identified six members of the Snakin/GASA gene family in E. purpurea
through tBLASTn and domain confirmation using InterProScan, Pfam, and CDD databases. These genes,
designated as Epu-Snakinl to Epu-Snaking, ranged in sequence length from 530 to 700 nucleotides and showed
GC content between 36% and 41%. Amplification using specific primers confirmed the presence of full open
reading frames (ORFs), further supported by sequencing analyses. The physicochemical profiling revealed
molecular weights between 9.59 and 11.86 kDa, mostly under 12 kDa, consistent with findings in other species
such as olive and lettuce. The isoelectric points ranged from 8.61 to 9.28, and instability indices suggested that
most proteins are potentially unstable in vitro except Epu-Snakin6é. These proteins exhibited diverse aliphatic
indices and GRAVY scores, indicating a range of solubility and structural properties. Signal peptide analysis
identified N-terminal signal sequences of 20-36 amino acids in all six proteins, suggesting their potential for
extracellular localization or secretion. Transmembrane helix predictions indicated that all except Epu-Snakin5
contained at least one transmembrane domain, implicating roles in signal transduction or membrane-associated
processes. Functional prediction using the CAMP database indicated strong antimicrobial properties for all six
proteins, with high confidence from SVM, RF, and ANN algorithms. These results support the potential utility of
E. purpurea Snakin/GASA peptides in developing antimicrobial agents. Conserved motif analysis using MEME
revealed three motifs across the family members, with only Epu-Snakin2 and Epu-Snakin6 containing all three.
Disulfide bond analysis revealed 5-6 intra-molecular disulfide bridges, consistent with the structural stability and
biological activity roles attributed to Snakin/GASA proteins. Phylogenetic reconstruction using Arabidopsis,
sunflower, and E. purpurea Snakin/GASA proteins placed the six genes into three main clades, reflecting both
evolutionary and likely functional relationships. Notably, Epu-Snakin2 and Epu-Snakiné clustered with sunflower
homologs, reinforcing the phylogenetic proximity observed in transcriptome-wide analysis. Expression profiling
revealed tissue-specific expression patterns. Genes in Group Il (Epu-Snakinl, 3, 4) showed broad expression
across ten tissue types, suggesting fundamental roles in growth and development. In contrast, Group | (Epu-
Snakin2, 6) was flower-specific, and Epu-Snakin5 expressed solely in vegetative tissues.

Conclusion

This study presents the first in-depth identification and characterization of six Snakin/GASA genes E. purpurea.
The structure and physicochemical properties of these genes, as well as how they are expressed in different tissues,
show that they have a wide range of possible biological functions. The presence of key features such as GASA
domains, signal peptides, transmembrane helices, and multiple disulfide bonds, along with strong predictions of
antimicrobial activity, shows that these proteins could have many different functions. Expression profiling analysis
suggested both general and tissue-specific roles, particularly with Group 111 genes being expressed across most
tissues, indicating involvement in core physiological processes, while other genes showed restricted expression
patterns, hinting at specialized functions. Phylogenetic analysis also placed these genes into distinct evolutionary
clades, highlighting their divergence and potential for functional novelty. Overall, the findings suggest that
Snakin/GASA proteins in E. purpurea may play important roles in plant development, defense mechanisms, and
stress response. Given their predicted antimicrobial activity, these proteins are promising candidates for
pharmaceutical exploration and bioengineering applications in medicinal plants. More studies are suggested to test
how well these proteins fight germs in lab tests, check how they work in different systems, and see how stable and
effective they are in making plant-based medicines.
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el 5,8 e 3 eslial s W05 Sl seat
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oS slacsl 5l RNA sl eDNA 5w
bow &S5 RNA sl oS Sl eslizad L ¢ JS515
b 8 oy s o lisle S 3 anliosd ulud o5 0S
oKas 51 eslizul b >l il RNA iS5 CoaS
58T U5 sl eslizal U cpimman 5 (Sly3 5U) 20 558 5 S
55 DNA Lle Gl slaeds Al sl Lo )2)

et A eslanad (Cﬂ-v-i)l).) g_,sj..f:) DNase | )LQ.:J )|

PCR STy 5 eslizul 5,50 sla S5l Jlasl glos 5 S5 b =Y s
Table 2. Name, sequence and annealing temperature of primers used in PCR reaction

_ - _ - S5l Jlasl sbe
) 55 ot 6-3) S350 15 6-3) Sl s J S0 S
&JJ[S Ml}.\i 2 f ) ) ) ’ ( ;\ g ”'L.v)
T Name of Forward primer sequence Reverse primer sequence S S
Contig_ID gene (5'>3" (5'-3") Annealing
temperature (°C)
contig_25176 Epu-Snakinl ~ AGCAGTGGTATCAACGCAGAG TCTATGGGCATTTGGGATCACC 55.2
contig_10958 Epu-Snakin2 ~ACCCACTACTTTTATGTTTCCAG  ATTCGTTCATCAATCAACCATTAC 53.5
contig_25536 Epu-Snakin3 ~ TTCCGTTTCCGATCCTCCTTCTC TTGTCTTTGCCCTTGGAGTTCTTC 59
contig_23765 Epu-Snakind TAAGCAGTGGTATCAACGCAGAG ATCACGAGAACAACAAGTCAAACC 56.2
contig_27452 Epu-Snakin5 GCAGTGGTATCAACGCAGAG AACGAAGGCTTCAGATTAAAGATG 56.1
contig_16768 Epu-Snakin6 TGGATTACACCCTCGTATTCTCTG  TGATGTCGTTCTCGTTTCTTTAGC 54.6

AEN
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Ol seas (cONtig_16768  contig_27452 contig_23765
A (}f)l?-jw elﬁf DLl Snakln/GASA &3 c)b;l?- dw‘
by 4 bye Ko Ak ppie 5 on S
Ve+) contig_25536 5 (A5 4Ss oY+) contig_10958
Sy GC Ao ys &5 ol Ol b iomen 35 (A5 ls s
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sls ol Epu-Snaking s Epu-Snakin5 (Epu-Snaking
sy s 2B s s g (Y IS0

sl sl sl L s Nl slacse sl

yei doli 1 S5l e 55 0ld ylulis Snakin/GASA
S s e Ol sdate glatasn ol (0 JSS)
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A NNVl S 5 4 0pSE &S (5 5ba Lsd 0 bl
3T s oS 3 3l gl ) Sl sae V5 4
Boroun et al., 2021; ) wleds olubs 5L 5 T s

Nahirfiak et al., 2016; Zhang and Wang, 2008;
(Zimmermann et al., 2010
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son S
ot (JsS0s0 055 b S5+ . Snakin/GASA
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SSWT yaxle 5 ool wwsl Al (gl s (GRAVY)
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G (Epu-Snakinl) 4/04 31 Jsse 055 slils ¢ Sl
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o g
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K 50 Js Wi 6l pedle Las (g5l (Ao s
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Table 3. A summary of the quantity and quality of Echinacea purpurea transcriptome reference

L el L 351
Parameters Value
s Sl 27679
Number of transcripts
(45508 ) Cdsigy b o i S 200
Lenght of the smallest transcript (nt)
(45 A 5) b 555 dsb o 5k 483
Length of the largest transcript (nt)
A IS 58 slues 26493340
Number of bases (nt)
(WS 5) et iy, Jsb ke 9571639

Mean length of the transcripts (nt)
A5l 5 GhS Y Sl mln dsb bl sl 10025
Number of transcripts greater than 1kb

b Rl B gl laclisig, slaws
Number of transcripts with ORF

N90 (nt)

N70 (nt)

N50 (nt)

N30 (nt)

N10 (nt)

GC%

13325

447

911

1373

1882

2846

41.77




Species

VEY /Y olad /WY Al ) alE K55 gla e

Helianthus annuus

Ambrosia artemisiifolia -
Mikania micrantha -

Cynara cardunculus var. scolym...q
Artemisia annua

Arctium lappa T

Cichorium endivia

Salvia hispanica 7

Lactuca virosa

Centaurea solstitialis

Perilla frutescens var. hirtel...
Trifolium medium

Camellia sinensis -

Olea europaea subsp. europaea

Vitis vinifera 4

#BLAST Top-Hits

2,000 4,000 6,000 8,000 10,000 12,000

(=1

Sl 52 S 5 LV S5 dsen b LS Gladi S Sl w5 ) JSS
Figure 1. Frequency distribution of plant species with high homology to Echinacea purpurea transcriptome

3000 bp
1500 bp

303 BB

200 bp
100 bp

Aoy S 5,815 s
Figure 2. The PCR

L C S1 S2 S3 S4 S5 S6

2 SO e 55 e (3lulis SNAKINIGASA (slad3 PCR I ol sl (5,801 -1 s
band pattern of isolated Snakin/GASA in Echinacea purpurea on 1% agarose gel

Snakin/GASA 6Lﬁsd5 dL@_’j ol J:SQ J.;Ls 9 JL«: J,;S 100 bp J}g)ﬁ J,<;L;,J cg_,v_JJJ “ LA;KAL?; C,w.r\) “ - )‘

Las e Ol ijb'-fﬂ 5 ok lulas

Left-to-right the wells show, 100 bp DNA ladder, negative control and amplified bands of Snakin/GASA genes

isolated in Echinacea purpurea, respectively.
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Figure 2. The amplification sequence and open reading frame of six Snakin/GASA genes identified in
Echinacea purpurea
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2024; Igbal and Khan, 2023; Nahirfiak et al., 2024;
(Taieb Bouteraa et al., 2024; Uncu et al., 2024

w3 Ol pad o g G5l (pluls

sty sle 5 o Shee glages
S 4en 55 &S oy Ol @L:} :Snakin/GASA
“‘<i tJi‘ ﬂb})’b s 349 GASA e ol L;LAL..Z:
oled 3 4l A YL Yo ol el (sl s S iy
< sl OLis Epu-Snakin gla 55 (’La.: s Lae ek, 8
Lol ol Slalls glayss  eles EU-Snaking 5> «
o lid 4:‘)‘ ‘}gﬁ) Jw&ldj L:..o)\ e.b.).lf &L‘h@)tﬂ ;g.; st‘.)
LS[AU;J}II JJS‘ DL Lis )\ e.)\..v)j\? éu@)h JF} (C.;«w‘
gﬂ.‘ OMJOL: ‘ijk’;j‘“ e ol &L&L.; Snakln/GASA
Lt b das o sladnl 3 s ol - Sas ba g o ol &5 o

(Ahmad etal., 2020) il ails &

S e psedd oLulis SNaKIN/GASA a0 olend 55 58 o S5s -t Jsdr
Table 4. Physicochemical characteristics of Snakin/GASA genes identified in Echinacea purpurea

ol QS S 055 Sl B G pasls ST pasls
Name Molecular weight (kDa) Isoelectric point  Instability index  Aliphatic index
Epu-Snakinl 9.59 8.62 49.53 67.61 -0.119
Epu-Snakin2 10.25 9.12 34.42 74.38 -0.243
Epu-Snakin3 11.16 8.61 46.75 74.72 -0.012
Epu-Snakin4 11.86 9.28 40.92 83.89 0.186
Epu-Snakin5 10.44 8.91 43.91 71.44 -0.143
Epu-Snakin6 10.24 9.07 39.67 75.62 -0.324

ﬁ)l}ﬂ DL ol &L.«:L.w Snak|n/GASA 6uJ§5}ﬂ J}JK:AM 6&;5&} -0 J}J}
Table 5. Antimicrobial properties of Snakin/GASA proteins identified in Echinacea purpurea

oG BTN BTN BTN

Name SVM _ RF o ANN

Support Vector Machine Algorithm  Random Forest Algorithm  Artificial Neural Network Algorithm

Epu-Snakin1 1.00 0.9205 Jat
confirm

Epu-Snakin2 1.00 0.9625 Jats
confirm

Epu-Snakin3 1.00 0.821 Jats
confirm

Epu-Snakin4 1.00 0.958 Jat
confirm

Epu-Snakin5 1.00 0.911 Jats
confirm

Epu-SnakinG 1.00 0.9745 b

confirm
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Figure 4. Position of functional domains in the structure of Snakin/GASA proteins identified in Echinacea purpurea
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Table 6. Frequency and position of disulfide bond in the structure of Snakin/lGASA proteins identified in Echinacea

purpurea
e T Ot e S 50 i ] s
Sladkigy oldai 7 T s ey S ol Yo oA e
= Sy IS g i iy e el (83 Ly
Name Position of the . s B . Position of the
Number of . . Position of  Position of . Position of " A
disulfide bonds 5|xthbd|sulf|de the fifth the fourth ?ﬁiglg?sﬁrﬁtg: the secong _ Tirst disulfide
ond disulfide  disulfide o disulfide bond
bond bond bond
Epu-Snakinl 5 - 61-88 31-39 56-73 35-48 59-75
Epu-Snakin2 6 52-59 48-61 39-55 75-88 56-73 31-35
Epu-Snakin3 6 71-105 68-75 47-55 51-64 72-90 78-92
Epu-Snakin4 5 - 67-101 47-60 43-63 69-81 39-56
Epu-Snakin5 5 - 47-60 69-96 64-81 67-83 39-43
Epu-Snakin6 6 61-88 39-52 35-48 56-73 59-75 31-55
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Epu-Snakin1  3.36e-46 [ |
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