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Tea (Camellia sinensis L.) is consumed worldwide. In many cultures, tea
has attained ceremonial significance as both a social and medicinal
beverage. The tea plant is one of the most important products in the
northern region of Iran, and plays an essential role in the region's
economy. Although tea is of great importance in Iran's economy, little is
known about the patterns of genetic variation among diverse tea
genotypes grown in Iran. A total of 30 tea genotypes present at the Tea
Research Center germplasms of Horticultural Sciences Research Institute
(HSRI) in the south of Caspian Sea region of Iran were collected.
Amplified fragment length polymorphism (AFLP) markers and PAGE
electrophoresis were applied for molecular characterization. The AFLP
analysis with six primer combinations generated 187 fragments of which
147 were polymorphic, corresponding to 78.61% polymorphism.
Resolving powers of the AFLP primers ranged from 12.27 to 16.78,
yielding a total of 89.99; the polymorphic information content (PIC)
ranged from 0.46 to 0.50, with an average of 0.48. Genetic similarity
values ranged from 0.29 to 0.85, with an average of 0.61. The
dendrogram, generated using the Simple Matching (SM) similarity
coefficient and the UPGMA clustering method, demonstrated that all tea
genotypes could be distinctly separated into two clusters. These results
offer valuable guidance for tea breeding programs, particularly in the
selection of suitable parental genotypes.
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Introduction

Tea (Camellia sinensis L.) is the most popular beverage worldwide after water and it holds a
significance ceremonial both as a social and medicinal drink. It is one of the most economically
important agricultural products in northern Iran, playing a fundamental role in the region's economy.
Despite its high economic significance, limited information is available on genetic diversity patterns
among tea genotypes cultivated in Iran. Genetic variation in Iran’s tea plants, shaped by historical
seed propagation, highlights the need for genetic characterization. Understanding this diversity is
crucial for effective breeding and conservation programs. DNA-based molecular techniques offer
significant advantages over traditional morphological methods, as they are unaffected by
environmental factors and provide more accurate insights into genetic relationships. Among PCR-
based markers, Amplified Fragment Length Polymorphism (AFLP) is a highly reproducible multi-
locus molecular marker widely used across plant species. The high level of polymorphism and
superior resolving power are the principal strengths of AFLP, rendering it particularly effective for
analyzing closely related genotypes. This study aimed to assess genetic relationships and diversity
patterns among Iranian tea germplasm, providing valuable insights for future breeding programs.

Materials and Methods

Thirty tea genotypes from the Tea Research Institute germplasm collection at the Horticultural
Sciences Research Institute of Iran, including 20 Iranian genotypes from central and western tea-
growing regions, three genotypes from Georgia, and seven imported clones from Sri Lanka were
assessed. Total genomic DNA (gDNA) was extracted using the Dellaporta method with minor
modifications. gDNA quality and quantity was assessed using spectrophotometry and agarose gel
electrophoresis. AFLP analysis followed the protocol of Vos et al. (1995) with slight adaptations.
Genomic DNA was digested with EcoRI and Msel restriction enzymes, followed by ligation of
corresponding adapters. Pre-selective amplification used primers with one selective nucleotide. Six
selective primer combinations (E-CGA*M-AGA, E-CGA*M-ACT, E-CGA*M-AAG, E-CGC*M-
AAG, E-CAG*M-ACT, and E-CAG*M-AAGQG) were chosen based on their ability to produce the
highest number of clear bands for comprehensive analysis. Selective amplification products were
resolved on 6% polyacrylamide gels and visualized with silver nitrate staining. Bands were scored
as present (1) or absent (0) for fragments ranging from 50 to 2000 bp. Statistical analyses were
performed using NTSYS-pc software, including similarity coefficient calculations, cluster analysis
via the Unweighted Pair Group Method with Arithmetic Mean (UPGMA), and cophenetic
correlation coefficients.

Results and Discussion

All six primer combinations generated 187 fragments, of which 147 were polymorphic (78.61%
polymorphism). The number of amplified fragments per combination ranged from 24 to 37 with
averaging of 31.17 bands. Resolving power (Rp) values ranged from 12.27 to 16.78, with a
cumulative total of 89.99. Polymorphic Information Content (PIC) values varied from 0.46 to 0.50,
averaging 0.48, indicating strong discriminatory power for genetic differences among samples.
Genetic similarity coefficients, calculated using the Simple Matching (SM) method, ranged from
0.29 to 0.85, with a mean of 0.61. The UPGMA-based dendrogram clearly divided the tea samples
into two major clusters, with a cophenetic correlation coefficient of 0.85. The first cluster primarily
comprised genotypes from western tea-growing regions, while the second included samples from all
geographical areas. The lack of strict correspondence between clustering and geographical origins
may stem from historical cultivation practices in Iran and underlying genetic relationships among
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Iranian tea plants. The observed high genetic diversity aligns with prior studies using other
molecular markers and reflects tea's heterozygous nature, driven by self-incompatibility and
extensive cross-pollination. AFLP markers successfully differentiated even closely related
genotypes, highlighting their effectiveness in assessing genetic diversity within tea germplasm.
Moreover, the detection of sub-clusters within major groups suggests potential admixture resulting
from introductions. For instance, Georgian accessions clustered with central Iranian genotypes,
possibly suggesting shared ancestry from Soviet-era exchanges. Compared to global studies, such as
those in Turkish or Indian tea, the polymorphism rate here (78.61%) is comparable, affirming
AFLP's robustness. PIC averages above 0.4 confirm informativeness, superior to single-locus
markers for breeding applications. These patterns indicate potential for marker-assisted selection in
traits like yield, pest resistance, and quality, crucial for Iran's tea industry facing biotic stresses.

Conclusion

The present study represents the first use of AFLP markers to evaluate genetic diversity among
Iranian tea genotypes. AFLP technique effectively detected polymorphisms and uncovered genetic
relationships, allowing clear differentiation among closely related accessions. The findings provide
breeders with essential information for selecting diverse genotypes with desirable traits to initiate
crossing and selection programs. Overall, the results establish a foundation for future efforts to
broaden the genetic base of Iranian tea germplasm and to advance more efficient breeding strategies.
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100 FI 10T larg leaf G2 50 W2
444 F2 102 G3 252 w3
455 F3 DN S1 276 W4
2021 F4 KEN S2 2771 W5
791 F5 62.5 S3 449 W6
468 F6 62.6 S4 2781 W7
2023 F7 3017 S5 270 W8
416 F8 B275 S6 281 W9
440 F9 DG39 S7 205 W10
101 smal leaf Gl 277 \\a! 2821 Wil
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F: Central tea growing region of Iran; W: Western tea growing region of Iran; G: Genotypes attributed to Georgia; S: Imported clones
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L) 35 e (ECGA/MACT) Y¢ i (ECAG/MAAG) YV
Lag JSadkar Ll VEY WL IVA 5l G LU TV Sk
Sl Aoy sl Ol |y Mader Aoy VAV &
b s W sl Sl ClS S e s Ko
b (s ATVA) JSodir ool W e Ol
S Jo 55wl cuse ECAGMAAG Skl i

ST S 5 s S a5l i - S
F4 F3 slasi yoi ol & o 5| MAGA/ECGC
S4 83 82 Sl G3 G2 Gl F9 F8 F7 F6 F5

(Ao VI/M) ECAGMACT 5l i b Olps o 208
Sl bacslie s e aube JSader ds s Al dalie
ol LS 5 Ol sdiasplis & Cad Colis Dlades
V K& (Kafkas et al., 2009; Mishra et al., 2009) L2

W1 557 S6 S5

Figure 1. Part of the electrophoresis result of the
ECGC/MAGA primer combination; samples F3, 3 Sl s s amd Gl Sy e
F4, F5, F6, F7, F8, F9, G1, G2, G3, S1, S2, S3, S4, ) ’

S5, S6, S7and W1 (From left to right). An3e 0L L, MAGA/ECGC

5 SSader do s JSader Ll sl GESS glal JS slaw (iolesl sy ST LS 5 elul =¥ s

Sl a5 a gl Kot Sledbl gl o
Table 3. Names of the primer combinations tested, the total number of amplification bands, the number of polymorphic
bands, the percentage of polymorphism, and the polymorphic information content for each primer combination

_ - ity Ll s b L3 & e SSE o ,ds
Aels s S ‘:L[sotal Polymorphic Ao A O
. S5 g Ji.‘ Lo o eS| (Rp )
rimer = bands %ands Polyvmorphism : ;
combination Combination ymorp Poll\{morphlsm . Resolving
cod (no.) (no.) (dz ) content (PIC) information power
ECGA/MAGA Cl 36 27 75 0.48 14.20
ECGA/MACT C2 24 20 83.33 0.46 12.27
ECGC/MAAG C3 27 21 77.78 0.50 13.47
ECGC/MAGA C4 31 25 80.65 0.48 16.60
ECAG/MAAG CS 37 31 83.78 0.46 16.67
ECAG/MACT Co6 32 23 71.88 0.49 16.78
& 187 147 78.61 0.48 89.99
Total
ol 31.17 24.50 15.00
Avrage

AY
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(2022; Falakro Khiavi et al., 2020; Falakro et al., 2020
AL i IS glag a8 cdls B s bl
2l DNA Sl eSSyl 8 didel sy Slo
il slaedle)S 55 SRAP 5 RAPD ISSR
Sl sl slacs i (s Sldllas s s sl gl
o3y OLES ol 31 Jay s Mledd ad il s g5 Olgen
Paul ) L ls |, ¢55 @Juﬁﬂ@;éudbﬂs;ﬁam
S Ss 5 sl ol e et al, 1997
2L 035 58 s (5l oS S L35 e sl e Vb
Ll wils oena ) glos 1S (S5 g8 e 50

(Chen et al., 2005)
JEN e (PIC) [Sidr Sledbl (gl yime 03 sudous
Slsme dd aile C5 (gl 0/00 5 C3 LS5l
edd S ol pld gl 8 IS oS
Uit Sl glymn el A aslons +/EA
S el ks s b ST LK sasolis
Sls=s .(Roldain-Ruiz, 2000) >4 bl O
55 AFLP b b Sl s Seas oD
sde b ampa sl /00 5 jhe o 3l
S Gl g cplar dl S50 /0 4 sddaale
3ol b L Sy ol o)
sl 55 sy o> (Khiavi ef al., 2016) oL\
PIC 6530w AFLP (sla LS 51 eslinal b Il yad
olie L5 S 518 A S Sle Lo B/t Sl
s3lizul 3,40 AFLP ST oLS 5 (Rp) S5 oo, 8
VUAY B C2 oS5 6l VWYY Sl Lol gdss o) 5
ke 0/ Sl 5 ANAR ¢ same b (6 S s
o> (Kafkas e al, 2009) o, Kes 5 WSO 54
Sl sl 55 e S8 by, 5 ASeaes s
i T AFLP ola Slis by &S 4S5
5 LYV/A § o L AYA G YA 51 Rp essds
AR IR R W PR S SR FLE A YRR & W
Gl i slow (Ol v 5 sdd aswlos YL 30
5l (Yao et al., 2008) Ol 5 b ol JSKodor

AL

w0 Jas (Camellia sinensis) s\ r...a)\g’(s)j 23 K85 £ 2l

3 oS s S slgls Ul e ol mls bl
ULl sbossl cise L AFLP Lo
Sl S Gl 5l el 8 il SaS
sl e slapadbp, alols gl AFLP
5 P Sldlas js s g 4 S 13 eslinul 5 5e
«(Kafkas

et al, 2009) O, Ka

son Gl
sl sbosss oe S8 kil 5 MSSas
deoys ool as eslizal AFLP S5l i 5l as 5
Lodoss AVY B0 egds s |, IS0
OLes 5 e s S 5L oy WA . Sls
oS slapsls (o) &a (Mishra et al., 2009)
Fooams 53 5 N3 ,S s ) Sl ls addata )3 0k
4Y) ST cas A5 eslanad LWL VY
55 Ll TR sl ol 5l as W 5 ST (s IS
S 3 sy IS gl 0515 Y 5 (slas saze
0r 51 s glas sezme 53 UL YA (L WVE 3l aS
+/47) S5l cix Ll Sl esliad Lo gls 0,8
Paul ) 0L, 5 J5L dss JKCadks (s S 5
Ly LS 5 a5l gle sl YY (et al, 1997
S w5 S aallas AFLP ST iy 51 oslinu
53 JSara L VO 5 S L VY Sle b
5 UL s s plabs ST S5 e
Cé> 4w | (Balasaravanan et al., 2003) o,
Glr 35 88 55 bl aalllas gl AFLP SLe
G askd 1000 5 Ws S eslasl ds s
S O Sle L oelel 05 5 JSa

R PPINCUWEYIR S NG PN (O Rt
oslizal AFLP S5l i 2 & s o Ol bo oy 5
Sl G0 5mSIS l sl w50 ¥ (S s e
W) 5 alie LOT Mader Olye 5 AL sliw €0l 0 s
A odalie M3 Dlallas 53 755 630l 50 5l e (55
S5 om0 Wik Vb w5l il ool S
2 sl Dpns o3 W g sems ol el 355

o Ssline SIi gl KU L ed Sladllae 55 Ol
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Gl Slids oKanl (sl i8S 8 adlaie ) WS
Sl OIS 55 cpamen AS L /YA HlURe | (VJLw.e
Ol ) ke L1 (deo3 A0) wlis STas KO0
Sl sl gladsed oy p M8 Sladlas s sl
5 esliad U (Khiavi et al, 2020a) O,Ken 5 (g3l
Loo/AYY G o/¥aY L wlis Sl glawls SRAP (gla Silis
5 S Sos gladdlas 53 Lles 5 )8 VYe (Sl
RAPD (sla SLis 5l (Falakro and Khiavi, 2020) (sl
Sl ey Lalys 5 (S5 g5 o 612 ISSR
LML /Y O |y alis als 5 s S eslizad 1
i3S el N Sl L /AT L 0/08 5 0708 1 Sla
55 sz 0> oo (Dargah et al,, 2023) O)Ses 5 o8 s
Sl s Il il bl glac s (S5
el /Y Lo b QY B o/YE Sl anls
old aloes 4lis wusls a3 IS ol bl LS

Lol J 53 LB 5l axlllas ;3 AFLP (gl LS Lo s

e b sl o BA luls 6l ISSRS5LET T
¢dlel V/E 1, RP Sole 5 L3 S eslinad ply s LS
ok SlAbl Gl e ana Sl plply s S
S i atis (Rp) K& Lk slie 5 (PIC)
GBS ES g 03 By S 4 SHLl oS

g LS 5 i ol 0305 (lad ga
Sted o eSS w SE5AE )
dalee ool ghuad g 5 alis by (K28 5)
5 (SM) esle 3l wlis (o, S A § asede LS
i VA Szs S 5 L UPGMA ez S 2
OLis S8 a2 3l Olee () bien Lo 2s) 5 a2
ses 5 alis il Sledbl dsys VA &S das e

Lol 0 23S les @ alsl- (el s
Wi ol bl el sdalie wlis o 5L s
D F8 slakisei oo wlis PBla= (SM) esle oles
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Table 4. Simple maching similarity coefficients matrix among 30 tes samples studied

Bty

<>  Fl F2 F3 F4 F5 F6 F7 F8 F9 Gl G2 G3 S1 S2 S3
Genotype

code

Fl1 1.00

F2 0.61 1.00

F3 0.65 0.72 1.00

F4 0.64 032 039 1.00

F5 0.56 0.57 0.55 0.52 1.00

F6 0.62 0.62 0.80 0.50 0.54 1.00

F7 0.62 0.66 0.78 045 0.64 0.76 1.00

F8 045 055 0.62 052 045 050 0.53 1.00

F9 0.68 0.78 0.79 043 052 0.73 0.78 0.57 1.00

Gl 0.52 059 0.60 0.59 047 0.65 060 050 059 1.00

G2 0.64 0.64 0.65 0.55 057 0.66 0.66 043 0.65 0.76 1.00

G3 045 0.69 0.62 051 0.64 058 059 0.69 064 057 057 1.00

S1 0.64 0.66 0.68 049 0.56 0.67 062 062 073 050 064 0.64 1.00

S2 0.55 0.64 0.68 045 056 0.63 0.75 056 068 073 0.73 0.56 0.57 1.00

S3 0.53 057 0.64 0.55 0.68 0.61 0.60 0.58 059 050 060 082 066 055 1.00
S4 0.55 0.62 0.57 054 059 054 055 066 066 050 050 078 0.73 0.52 0.68
S5 0.64 0.63 0.62 059 0.73 0.58 0.60 0.61 066 051 062 073 074 059 0.80
S6 0.54 0.72 0.68 0.52 0.57 0.66 0.64 050 0.73 057 062 0.76 058 0.59 0.66
S7 0.52 0.72 0.68 045 0.57 070 0.66 0.53 0.73 0.66 0.73 0.71 0.68 0.65 0.63
Wil 0.50 0.63 0.63 038 057 0.62 0.64 045 0064 064 056 057 052 066 047
w2 0.60 0.57 048 054 052 040 0.60 044 056 038 055 045 045 056 051
W3 043 059 059 052 039 0.66 0.58 0.59 0.68 066 059 053 052 068 048
W4 048 0.63 0.57 055 052 052 048 061 055 071 057 065 062 062 0.57
W5 0.71 052 048 0.62 0.66 0.56 0.64 029 0.51 055 0.69 050 047 058 0.52
W6 0.66 046 0.50 0.59 043 055 057 051 053 048 0.63 052 056 059 0.55
w7 0.72 0.51 0.57 0.57 050 0.64 0.59 052 055 059 068 059 055 057 0.67
W38 0.70 0.56 0.50 0.61 0.59 043 0.59 048 0.60 045 0.60 040 052 057 044
W9 0.62 0.72 059 052 062 0.62 064 043 066 0064 080 071 061 0.62 0.70
W10  0.69 048 0.52 0.58 058 062 067 045 059 052 062 050 055 062 0.57
W1l  0.60 0.64 0.67 0.52 0.68 059 069 064 067 047 067 066 070 0.53 0.69
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Figure 1. Dendrogram of 30 tea samples using AFLP markers based on UPGMA
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