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Abstract

Kelussia odoratissima Mozaff, is one of the most important medicinal plants in Iran and is facing the risk of
extinction. Keluss is not only used as a valuable herb in its raw form but also possesses humerous therapeutic
properties in traditional medicine and modern herbal drug combinations from a pharmacological perspective.
However, the lack of information on its genetic diversity and the mechanisms of important metabolite production in
this plant pose challenges for genetic research on this species. In the present study, with the aim of developing
high-throughput EST-SSR markers, the assembly process of short reads obtained through next generation
sequencing technology was employed. A total of 7575 microsatellite loci were identified in 6388 unigenes. Among
these markers, dinucleotide motifs followed by trinucleotide and mononucleotide motifs exhibited the highest
abundance. Blast analysis of the sequences containing microsatellites revealed that 79.74% of the transcripts had at
least one record in the non-redundant protein database. Further investigations involving transcription factors and
functional annotations indicated that most of the microsatellite-containing unigenes are involved in metabolic
pathways and the biosynthesis of secondary metabolites. The results showed that these markers assist in the
analysis of genetic diversity and metabolic pathways of this plant, information that can be crucially important for
the conservation and sustainable utilization of this valuable plant.
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Table 1. Basic statistics of reads obtained from Keluss transcriptome sequencing

T
RL 47667122 38635262 9031860 18.95 95.49 6914936791 47.34
Onele Rz 4773032 35190166 12540166 2627 98.34 6.860,565.483 48.96
R3 52085612 47432806 5552806 10.48 98.34 7616307 128 48.96
RL 48793542 36087796 12705746 26.04 95.6 6.964.940.326 474
T""‘c’;ﬁear' R2 53791644 46952496 6839148 1271 95.91 7 674.289.433 45.08
R3 48015640 38261542 9754098 2031 98.33 6.850.167 323 45.97

VPeY lmo) 9 jusly /¥ o losds /203190 0590 / (S § (o] 9 S § (owkieo


http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/article-1-470-en.html

OLen 5 Sl b kg EST-SSR 050 sl SLis an 55

Ao KM Ly a8 3 S a5t Soni 5 oo ehS 5 CoaS oo =Y U
Table 2. Quantification and quality assessment of multi-kmer assemblies of Keluss references transcriptome

Parameters K-mer
25 35 45 55 65 75 85 95 105 115
Number of transcripts 324032 337445 278613 238710 194067 149798 123309 78965 70253 69379
Size of the largest transcript (nt) 83615 115668 172771 222133 124643 65606 97150 52846 35850 38681
Number of bases (nt) 103682929 108872843 101915299 93743555 85803409 76546527 69260356 57322868 52890836 40002659

Mean length of the transcripts (nt) 22717 227.04 27346 31876 38727 46056 51583 7259275 51145 56942
Number of transcripts greater than 1kb 17569 19277 19792 19296 19259 18680 17976 16685 12176 9717
Number of transcripts with ORF 24146 25847 26685 27357 28714 30085 30831 39938 27964 23278

N90 274 281 266 251 241 275 299 319 211 234
N70 977 1097 985 778 613 646 645 587 444 484
N50 2349 2470 2093 1730 1389 1304 1221 1034 759 781
N30 50305 88567 16839 4441 2616 2266 2020 1622 1273 1249
N10 83615 115668 172771 222133 124643 54580 9417 2789 2288 2142

GC 0452 0.450 0449 0451 0453 0.458 0462 046865  0.465 0454
Score 0.20 0.22 0.24 0.25 0.24 0.24 0.27 049 035 037
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Fig 1. BLASTX results of the Keluss transcriptome against the NR database and their annotation against the GO database.
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Fig 2. Frequency distribution of species with high homology to the Keluss transcriptome. The protein database of carrot (Daucus carota)

shows the most similarity with the Keluss transcriptome.
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Table 3. Distribution of SSR marker motif/repeats in Kloss transcriptome
Motif

Repeat Mono- Di- Tri- Tetra- Penta- Hexa- Total Percentage
5 0 0 941 34 13 19 1007 13.29
6 0 1032 343 13 2 6 1396 18.43
7 0 609 145 8 0 1 763 10.07
8 0 458 69 4 1 0 532 7.02
9 0 357 33 2 0 0 392 5.17
10 1174 240 15 0 0 0 1429 18.86
11 493 171 9 0 0 0 673 8.88
12 308 119 3 0 0 0 430 5.68
13 185 75 3 0 0 0 263 3.47
14 122 64 2 0 0 0 188 2.48
15 100 42 0 0 0 0 142 1.87
>16 245 110 5 0 0 0 360 4.75
Total 2627 3277 1568 61 16 26 7575 100
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Fig 3. Distribution of identified microsatellite

motifs/repeats in Keluss transcriptome
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Fig 4. Gene ontology analysis of identified EST-SSRs markers in Keluss transcriptome. Functional groupings encompass three
main categories: biological processes (BP), Molecular function (MF), and cellular components (CC).

23,5 S |y g 5T 51 e glsl EST-SSR sl Jis5 551>

SV aoder il 5 sla sl Jals Sl s Ol bl 2 S

g Sl 5 s 4 ey bbbl Sl s
1P S A jasie OMiCSBOX il 5 5l eslinal Lo« S

.Y Qb‘.m.o)’ 9 ).;Jlg' 1Y o ylou /Mo}lsé 0590 /w) ‘;mal 9 S (S0


http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/article-1-470-en.html

[ Downloaded from gebsj.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.226 |

Q\J&a&j@l«éﬁ)

B el 5zl (K85 5 s b wﬂ KLY
Slp 0o 28 s sba LN de S s Js S 5
S L g Y 5 e ol sl (55 b sla IO ] 5
A4S slaa 5T . (Paul et al., 2019) wlodd sslizal oo
ke JESh O3St 035 5ol Jeld pla sty 5LS s,
LS o HEBS L o JHle e s 05 gl A
3 5015 ol SISt O gl pid 5 05,31 Il o
s SIts w5 e IS s s AS s LIS
Sd S pe o 55 ol oD 3,15 SIS 53, 50T Slas 5T
3phen HUE SUSso,0S) bau g (S50 e S
S 5 sba .(Mezgebu Legesse & Etsegenet Assefa, 2020)
sl glacd sl W5 5 S LSL“VJJ'T S S Olg
f‘)’ BE Ca.n‘ju.a Dl.>w.i‘ 9 LSJ’:""“'ﬁ’ dLﬁ‘ LgLAJ:M.A BEI C,SJ..:J
Czerniawski & ) L ls 2@ sesi b 5 ) S

.(Bednarek, 2018

Jasl bjhawl s (00 JSK8) daea 5U 5 5S40
(eSS Wl e S ss e A5le ole sloes S
S5l eslizad b1y Sl slaoy 8 5 Slins (ST ¢ o
(Dixon et al., 2010) wuS o 5B LS 5 il STy
Fo 53 i o Aiean e JB gy il 855
S oa ol G Sse 03538l L5 Lyls 5,8 JT ols s
b oaulp desls s sl sty G el b i
3wl gladealy Alg ol bi¥oas aS e 5B
oslital O il e glp IS Glaosman 5 s iScsl
SLS 5 « (chiral synthetic) J .8 S OLS 5 Lo
S B 5 dn o S 51 S Gl 65 31 Ll
LS 5 ol s Ly G Sl & cand) i el oo
5 ek gd S e Gl S OS5 Ol sen
2SS Gl (Sam S S Lshe el iy
A Skl b ossls slge 5 odzmn T slad iS00
a3V s ol s (Grandi et al., 2023) peea e ol
Sy ol el a3l 5 sl aad sl s sl

Seqs
400 500 600 700 800

1.- Oxidoreductases

3.- Hydrolases

4.- Lyases

EC Classes

5.- Isomerases

6.- Ligases

7.- Translocases

e 5l il £l 5l eSS EST-SSR (51> sl JIs5 sl b w55 =0 JS
Fig 5. Frequency distribution of EST-SSR-containing sequences encoding different types of enzymes

Patra et ) .S o oo |y 450 sbacd gl 5l i ol
Jelse gzt 6l PlantTFDB I axllas ol 5 .(al., 2013
A oslinud KOS ol gl pat S 5 LS s

Ly s Jolse 55 gbesl sl 5l 5y e S0 sl

5 Ole J RS Belye St S iemsies Jolse Sl A
Lol 55 sy Jolss a5 sl A0S 3l (g4l pasens Ol
05 Ol o sisy Jelss (GUO et al, 2007) 1)1y oge i

)’Lﬂ)%y}ﬁ(“) Mu@mﬁ)m&u.@jﬁ))b

VP liwno) 9 3l 1Y o lols /0203190 0590 [ S ) (o 9 Sl ) (oo



http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/article-1-470-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.226 |

me;@\.@)

Panax ginseng . s,ls oLS 55 WRKY (W03 sl sl ) 5
Sl 4 sl QLS mul 5o lelse ul &8 sls Ol
Sl L ble a0 Ol w5 53 immes 5 o
5| gae pds (D et al, 2021) Kjls ege LB sl
WRKY MYB bHLH AP2/ERF oslsl> slacss
Olgeas HD-ZIP 5 bZIP DOFNAC ; (Yang et al., 2012)
Lot oS 45l glcdphe s glaotslas

.(Shenetal., 2019; Wu et al., 2019)

Count of Sequences

cell differentiation

translation factor activity, RNA binding

endosome

multicellular organism development

circadian rhythm

Golgi apparatus

GO Name

DNA binding

DNA-binding transeription factor activity

protein binding

nuelens

RNA binding

WRKY bZIP Dof G2- Like €C2H2 HHLH (clacsl gl «
Jelse (0 JK2) ool Trihelix TALE MYB_related (ERF
e.)‘}_'vlﬁ- X} » axdlas L J0sls QLI.; @}A 9 QL:J) oL:f dw.i}_'»_})
5 Salvia miltiorrhiza  _s,ls olS 5 bHLH (slaos
o3l gl slael 51 &y S das . OLES Artemisia annua
LS 5 5 L e e el Ol ol 53 age b A8 Il
(Chang et al.,, 2023; Zhang et al.,, 2015) .o 55l

TFs Family
EST'SSR 6jl> Lf““i}}j) JA‘}G LsLAc;biu dl)\fe @)}5 -1 JSJ!
Fig 6. Frequency distribution of TF families’ genes containing EST-SSRS

Adj. Pval
2.51105€-2

1.65237E-11

Ne Test Seqs

5

Gene Ratio

S8 P-Value [luie saas oL Sose bl as 5 S f),.qjﬁ.ﬂf‘ 53 EST-SSR (g5 e JIs55 bav 55 ol (g3l o6 5,5,5 glaes 5=V Jse
Aas o 0l 1y ek 28 GO wlMasol U bs 05 51 (g min sltas 555 bl 5 5505 cillas 05 sliws Lo 8 o310 .l

Fig 7. The functional groups enriched by EST-SSR-containing sequences in Keluss transcriptome. Pink dots represent lower
adjusted P-Values (FDR). The node size corresponds to the number of matched genes, and larger dots indicate a higher number

of genes enriched with GO terms

.Y Ql"a.m.o)‘ 9 ).yl{. 1Y o ylou /Mo}lsé 0590 /w) LS““' 9 S (S0


http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/article-1-470-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.226 |

Q\)M}g@)

Tab 4. Metabolic pathways with EST-SSR-containing sequences in the Keluss transcriptome

Metabolic pathway KO ID Count of sequences
Purine metabolism ko00230 136
Thiamine metabolism ko00730 114
Glycolysis / Gluconeogenesis ko00010 54
Starch and sucrose metabolism ko00500 41
Pyruvate metabolism k000620 34
Pentose and glucuronate interconversions ko00040 31
Glycerophospholipid metabolism ko00564 30
Fructose and mannose metabolism ko00051 29
Carbon fixation in photosynthetic organisms ko00710 28
Cysteine and methionine metabolism ko00270 27
Methane metabolism ko00680 26
Galactose metabolism ko00052 23
Amino sugar and nucleotide sugar metabolism k000520 23
Pentose phosphate pathway ko00030 22
Citrate cycle (TCA cycle) ko00020 21
Oxidative phosphorylation ko00190 21
Drug metabolism - other enzymes ko00983 20
Glutathione metabolism ko00480 19
Phenylpropanoid biosynthesis ko00940 18
Glycerolipid metabolism ko00561 18
Porphyrin and chlorophyll metabolism ko00860 18
Ascorbate and aldarate metabolism ko00053 16
Carbon fixation pathways in prokaryotes ko00720 16
Metabolism of xenobiotics by cytochrome P450 ko00980 15
Drug metabolism - cytochrome P450 ko00982 15
Glycine, serine and threonine metabolism k000260 14
Other glycan degradation ko00511 13
Fatty acid biosynthesis ko00061 13
Ubiquinone and other terpenoid-quinone biosynthesis ko00130 13
Tryptophan metabolism ko00380 12
Inositol phosphate metabolism ko00562 12
Propanoate metabolism ko00640 12
Phenylalanine, tyrosine and tryptophan biosynthesis ko00400 12
Lysine degradation ko00310 11
Arginine and proline metabolism ko00330 11
Tyrosine metabolism ko00350 11
Glyoxylate and dicarboxylate metabolism ko00630 11
Sphingolipid metabolism ko00600 10
Photosynthesis ko00195 10
Alanine, aspartate and glutamate metabolism ko00250 10

Other (77 pathways) 291

Samandari-Bahraseman et al., 2022; Soltani Howyzeh et )

.(al., 2019
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