[ Downloaded from gebgj.ir on 2026-02-16 ]

[ DOI: 10.61186/gebsj.12.2.226 |

SH plio (S guun b i 30 EST-SSR  Jgg0 (Sl SO drwgd
P b olF 50

Development of EST-SSR molecular markers related to
metabolic pathways in Kelussia odoratissima Mozaff

ol 3l dow A losl daml P g3l 55,8 0L 5 sla b o Sl g

Maryam Ramezani, Farhad Nazarian-Firouzabadi®, Ahmad Ismaili, Seyed
Sajad Sohrabi

Q.ﬁl ‘JL'Tff gutmjj bK..’Z.‘u\} ;6_})}[...:‘5 oISl ufl:g J\:.:.pjj _L:.!); f.k..@.a ajjf

Department of Plant Production and Genetic Engineering, Faculty of Agriculture,
Lorestan University, Khorramabad, Iran.

*Corresponding Author, Email : S5 201 oy « 1S J s ok 55 3
nazarian.f@Iu.ac.ir

Received: 2023/08/7 | Accepted: 2023/09/15 | Published: 2024/03/14

P 38 9 (29018 OBLE ¢p Fmee 3 KX (Kelussia odoratissima Mozaff) g5 wé
oolatul 0390 PL- D yguod a3l (S 3w 0 Olgiedy lgddd (B b 5 Ll Ol gl ol (B
Se,1d Olus”§ 53 o 9 (o b 13 b Gl FLd (P19 SIS 4 5 (0 1B
CU P ol § (S5 E95 OleMbl SIME .l (55895 lo sl i 31 Ose AL
G b ol ol Ogolgm (SidS Olidi ol (ol 30 meo S glio el HIT9
31 YL wbie 58 EST-SSR (sla Sl drwgd Body b (pol> g9y 30 .Sl 005 450
b oSl Wi o (b HgF (S298 I Jolo obg (Sla file oy g5 (Siaped pu T
28 . bl (BT W pots i 30 O3S TFAA 10 oylgadbk 3y OIS YoYo slusd
PVl Suiele 4w 9 T OF 5l w9 SMTglTe 95 Siaige o Sl (al Sle
oy YA/YE 45 8ls Ol oylanle 3y (Sl (S LDi9) Cawdly gl 3018 QLS 1) gl
Jolas (Sammiuar . A09) (61 ST i (S aig p oDl 58 8595 5 <O Blos (SlHls bodgisg)
-9 STKEGG oSl ol p 50 Bouiaigy (S lwikidus (oo § (63 55 517l (w999
S - 4936 S glin g § W galio SIS o 33 1) 05lgnk ) Sl S
ol ! (SHplo S pn § (ST £95 o 4 b TS ol a5 318 Ol fol> s
A Caodl b olS cpf 31 5lasl (5518 po 4 9 Lads> 58 Wilgh o0 45 JleMbl (s 0 oo

gl

(93 sole dlio
4l J‘..dijb 4.1>u
() (] § B (wkige
s> ISSN 2588-5073
55751 1SSN 2588-5081
V€7 Ol 9 3wl ¥ oylol VY 0590

oo %

YY-YE - domio

d

10.61186/gebsj.12.2.226

Research Article
Genetic Engineering and Biosafety
Journal 2024
Volume 12, Number 2, Pages: 226-240

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

ouuS>

835 )8 s
(N5 g
(A5 S
by L
SIS Sl

Ramezani M, Nazarian-Firouzabadi F, Ismaili
A, Sohrabi S S. Development of EST-SSR
molecular markers related to metabolic
pathways in Kelussia odoratissima Mozaff.
Genetic Engineering and Biosafety Journal
2023; 12 (2) :226-240. Doi:

10.61186/gebsj.12.2.226
URL: http://gebsj.ir/article-1-470-fa.html



http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
http://dx.doi.org/10.61186/gebsj.12.2.226
http://dx.doi.org/10.61186/gebsj.12.2.226
http://gebsj.ir/article-1-470-fa.html
http://dx.doi.org/10.61186/gebsj.12.2.226
https://gebsj.ir/article-1-470-fa.html

[ Downloaded from gebs.ir on 2026-02-16 ]

[ DOI: 10.61186/gebsj.12.2.226 |

b a5 s EST-SSR J 5S040 (gla SLis an 35 OLes 5 Sl

Genetic Engineering and Biosafety Journal
Volume 12, Number 2, 2024
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
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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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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

53 SSR LS ghyls slaciisis, gslwdiies (KEGG 3JUT
@ e 05 VYV Sl & e KEGG o3ls oL Llis
b S oS 53 KEGG Cilisee SUplie s VIV 5 533
Gl 5 Gt s ey S o onl 3 S (8 Jsds) A3 asS
5 5% ks «(Gluconeogenesis) 3555558 5 5SS

xﬁwougb&w)j@waw;w‘c)bj)ﬁjg

53 Bl Sl o508 il gl g s 5 4w
03,5 4w 4 SSR (o5l a3 Ss Ol op i 85 0
e ol S o Ses (S Gl e
Ol Jsw lpl ol pole 51V JS8) 358 0 oo
38 es gbaas gazme 5 5l paiskl 5 GHS Pl s 4
gas 31y oS5, 5 RNACDNA Jlasl o J5S05s
a5 $3oomld Glagny (Jsle pled 4 e sladsl
5ol o5 OlALS 3 (Vv ISK8) 5 S oLl Sk L glapli

Lo edalie plin (62 S8 (gile s gduanas 0L

VoY lmo) 9 3usly /Y o losds /203190 0590 / (S § (o] 9 Sl § (omwdigeo



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

[ 9T-20-9202 uo 11 lsgeb wouy pspeojumo( | [9zzz 2T koeb/agTTo 0T (10d ]


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

[ Downloaded from gebs.ir on 2026-02-16 ]

[ DOI: 10.61186/gebsj.12.2.226 |

LS 5 Slas,

| PHENYLPROPANOID BIOSYNTHESIS ]

Spermidine
? miwswi. N1NS.N10- N1 N5 N1 N1N5,N10-Tri- NLNS-
Phenylalanins fnosity Tricom Tricaffeoyl- Triferuloyl- (hyhroxyferalogl)- Dihydroxyferloyl)-
ond {rypiophan biosymitesis | N il st o i
: U O . S 0 2
| 1
i 6H -
S D e 300 Caborsmtrnsi o ea Soopoin
! IBIZ}>o e w2t
o 1-0-Sinapoyl
Cinnamicacid | o o acid TFerulic acid S-Hydroxyferulic acid Sinapic acid
¥ p-Coumaric aci Caffeic acid erulic ac
! 1141491 | 11413 : 3 2.1.168 Og—1 21162 241120 B
| o Ubiquonone | 4 Hydoystyrene e
1141314 biosriythe sis I 4111020 41 1102[—»O
Eiz | B ngemm [ZE] 3Dy G210
l
| Caffeoyl (62112
trans 2 Hysdroxy | 24 Dibydroxy, shilimce cid
Flramat: ! S e et
v Cinnaroyl-Col L 3 11 ] Life rone
14z +
| IT|p-Commarwyi-Cok LELEE 5 Hydroxy-
L= ! p-Comnaroyl foraloyi-Cos [z
g DGlucos & h fuinic acid
- cournarate | | 3
‘ | 12144 Caffeosd .
} | - quirne acid
| | pCouraralde hyde T
-D-Clucossl- c d.ehyd: ‘v‘i -
E-coumanmve % e v
Flavonoid biosynthesis ) [LL1I9S
Stilbenoid, diarylhe ptanoid and c
= p-Coumary aleohol
gingeml biosynthesis
Conrnaryl acetate Coniferyl acetate
Coumarinate Q0 s - J
7 3106 7 31126,
| [T [WSNE 111318 [tir1z 111121] [z
1
Comvarine @  QChavical Q lsochsvicol Y OFugenal QP! 3
o o) o] o o) o]
21114] [2L129 pHydocs. Lyl 211146] [21114][21129 Guaiacyl lignin Cordferin ~ 5-Hydrgxy- Syring lignin Syringin
Prengl lgpin  alcohl 4D -glue oade i in
Y Zuaiacyl g
o o]
Wethylehavieol  Anethole Methylengenol  Isomethyleugenol
00940 325720
() Kanehisa Lahoratories

Jmuﬁﬂokﬁ_;&ks,ﬁ\;l&,:s;@&i}y;K;).J;J;QMJ_;AJ:;M”MﬁJ?cEST—SSR ol b Iy Oly s 5 Shadd A IS
.J.hbda ol b 4.“..»)) alﬂfﬂ\aw‘dlﬁu& AL; wuﬂ BE) ol

Fig 8. Mapping and expression analysis of EST-SSR-containing sequences involved in the phenylpropanoid biosynthesis pathway. The red
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