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Transcriptome-based EST-SSR Search for Analysis on Lemon Genetic Diversity
YU Zhicheng, HE Xuejiao, CHEN Zhendong, LIN Xiuxiang*
(Fujian Institute of Tropical Crop Science, Zhangzhou, Fujian 363001, China)

Abstract: [Objective] EST-SSRs of lemon were searched based on transcriptome data to analyze the genetic diversity of
the plant. [ Method] SSR loci of lemon transcriptomes were screened using MISA to design primers by Primer 3.0. A
clustering of 49 species was secured. [Result] Of the 40193 SSR loci identified, a distribution frequency of 35.67% and an
average distribution distance of 1.39 kb were found in the sequences of 80.91% mono-, 9.20% tri-, and 8.67% dinucleotide
repeat types with the dominant motifs of A/T, AG/CT, and AAG/CTT, respectively. Twenty-four of the 4561 pairs of primers
were selected for validity verification, and 13 by being polymorphic. The amplified 47 alleles had a mean effective value of
3.615 with the mean Ho, He, and PIC of 0.637, 0.516, and 0.528, respectively. At the genetic distance of 0.40, the lemon
cultivars were clustered into 5 categories, which were generally consistent with that obtained by the traditional morphological
classification. [Conclusion] Thirteen pairs of EST-SSR primers were selected to classify 49 lemon specimens. The resulting
clustering agreed with traditional taxonomy. The displayed rich genetic diversity rendered these cultivars an adequate
germplasm collection for the development and utilization of lemon plants.

Key words: lemon; transcriptome; EST-SSRs; cluster analysis

0 7% BEU . gt b EE oy XY, . &

[WF5E 2 X ] *?1‘% [Citrus limon (L.) Burm.F.] X, %F’ﬁ\ I ﬁr’ﬁ%ﬂ?%@%ﬂﬁjﬁﬁ#ﬁ, 24 1000
J& 25 % B (Rutaceac) M 5 J& (Ciorus) My 26 ZAERHRBRR Y BRI AR AT AR 09T R
( Citrus medica L.) K", ®IETEIEEAICIBART (525 M, AOCEA MRS A G0 75 vk F 3¢ 0

ks BEA: 2025-01-15  {EEIEHA: 2025-03-24

EEEN: R (1984 —, F, Wit, BEFRR, FENFEZHEYBRE SEMIT, Email: 181492684@qq.com
GRS KFE (1970 ), L, FREEPREI, FENFEREAEYLIFREH A, E-mail: xx92@126.com

HL2WH: MEEFHTRIAZICET (2017R1028-1) 5 FMITH EARFIERETH (222020115


mailto:181492684@qq.com
mailto:lxx92@126.com
http://www.fjnyxb.cn
https://doi.org/10.19303/j.issn.1008-0384.2025.04.002
https://doi.org/10.19303/j.issn.1008-0384.2025.04.002
https://doi.org/10.19303/j.issn.1008-0384.2025.04.002

334 I R F IR

540 45

B, B Z M AR, TN TR
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SR AL A R AR A R T 1
AT 4>l g-SSR Il EST-SSR W2, 1 EST-SSR HL A
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communis ) . WAL ( Persea americana Mill. ) ", #j
% (Vitis vinifera) " % URBIRIAG]Y BHEIA
AT 5T 45 S RS A Z AR PE VR 19 R G SEAT
ARFRA, ST AN ¥ B EST-SSR 7 TARic 1k
Frig b 0T A Sony AR 6 WLt . KL e iy 0%
)RR Y A B ST R © 2 A 0 A5 2 Sk 2 B e
HEAT SSR A A R 43 A S s | et e 49 £y
Pt st G ZFEPE VAN, DL R A o ¢ T 4
JE 58I PR S R
1 #MH5 7
L1 RIEAR

49 Iy AP PR AR TR A PO MEM B4 05
AT R BB IR (1), SERE Lt
ABRIC I By O A rhali Bl SE e %, st R CTAB
AR I DNA, 28Uk B . 4R RN v R PR R I s O 2
50 ng-ul ', —20 C {47
12 #THREERE SSRILmEHK . 5149115 PCR
18

DL A AE NCBI [l e sk B (KRS
& PRINA606613 ) A F& i, F Al MISA (http://pgre.
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FEIITCTAA 2. 4. 10, 24, 15, 3580, APt
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Table 1 List of lemon specimens

%5 Code £ Name 24 Scientific name %5 Code %% Name 224, Scientific name
1 KEFB C. limon (L.) Burm. f. 26 5 AT Citrus medica L.
2 AT C. bergamia Risso. 27 HirEELS C. limonia Osb.
3 KIEFHE 1S C. limon (L.) Burm. . 28 AW Y- 9hs C. limonia Osb.
4 M LLAE DK 5 C. limon (L.) Burm. f. 29 INEFFE C. limon (L.) Burm. f.
5 JeJi5E C. limon (L.) Burm. f. 30 AN RS Citrus medica L. var.sarcodactylis Swingle
6 WERYUN7 & N TE7 C. limon (L.) Burm. f. 31 AR C. limon (L.) Burm. f.
7 K 55 C. limon (L.) Burm. f. 32 FORFIRR C. limon (L.) Burm. f.
8 BEELY C. limon (L.) Burm. f. 33 AR R85 C. limonia Osb.
9 [ERCYAR: ¥A=3 C.aurantifolia (Christm.) Swingle 34 MR AT C. limon (L.) Burm. f.
10 TRk C. limon (L.) Burm. f. 35 SRR 3 C. limon (L.) Burm. f.
11 ZeEH R C. limon (L.) Burm. f. 36 FLlE2 Citrus medica L.
12 16 3 K 57 C. limon (L.) Burm. f. 37 PN EiR: Citrus medica L.
13 iEREE C. limon (L.) Burm. f. 38 AW RE C. limon (L.) Burm. f.
14 B TR 7 C. limon (L.) Burm. f. 39 ZRENR C. limon (L.) Burm. f.
15 FATIE C.jambhiri Lush. 40 bR ErG C. limon (L.) Burm. f.
16 KRFRFrEE C. limon (L.) Burm. f. 41 HirE2 5 C. limon (L.) Burm. f.
17 KIirg2s C. limon (L.) Burm. f. 42 e L Citrus medica L.
18 I REB C. limon (L.) Burm. f. 43 SN R C. limon (L.) Burm. f.
19 Jenthrg C. limon (L.) Burm. f. 44 IRBHFT A C. limon (L.) Burm. f.
20 FrEAE R 15 C. limon (L.) Burm. f. 45 FWATHE C. limon (L.) Burm. f.
21 7R KA C. limon (L.) Burm. f. 46 T35 Citrus medica L.
22 TLIREL AT C. limon (L.) Burm. f. 47 R EF C. limon (L.) Burm. f.
23 FLlELS Citrus medica L. 48 KEATFE3S C. limon (L.) Burm. f.
24 AR R4 C. limon (L.) Burm. f. 49 T H L Citrus medica L.
25 T H U7 C. limon (L.) Burm. f.
F2 FERERED SSRFF S F3 ITEEREASSR FINHIER
Table 2 SSR sequences of lemon transcriptomes Table 3 SSR sequence distribution in transcriptomes of lemon
e specimens
o L il
%H ltems Number Percentage/% H AR TYIEE B
(] , " GRS -32)
£ SSRAH! el et S "
24 K SSR type Number Percentage/% Distribution Average
R P I 85 68118 frequency/%  distance/kb
Retrieved sequences -
R 32520 80.91 47.74 1.71
Tl A 3 Mono-nucleotide ' ' ’
Total base length/Gb 537 e "
ZRHER
. . 3484 8.67 5.11 16.00
A0 1 I SSR s 2L Di-nucleotide
40193 )
SSRs detected A
Tri-nucleotide 3696 9.20 5.43 15.08
T SSR ARIC T 51 %L 24297 35.67
Number of sequences containing SSR markers ’ WZE‘H? 331 0.82 0.49 16837
Tetra-nucleotide
A1 ASSR 17514 S48l 205 . N
Number of sequences with 1 SSR ' DR 66 0.16 0.10 844.38
Penta-nucleotide ’ ’ ’
=27 7 5% \ kg s
H=21SSR E’JrfﬁJ%c 2000 1174 SRR
Number of sequences with= 2 SSRs . 96 0.24 0.14 580.51
Hexa-nucleotide
HASSR 7514 s
" 10816 15.88 K1t Total 40193 100.00 59.00 1.39

Number of composite SSR sequences




336 CEZ L %40 %
12000 SSR {7 mi BECHLIIAR, A A2 1.50%
0 2.3 SSREIMISAMENH
Il FIFl Primer3.0 HcfFis i 4561 %4 8 2 AT AL |
| Wi, Wb HE 24 4 T AL MRS AT POR o
= o | W, BEEH 3 XS MRA Z A (F2). R 13
. i % % 5 P SSR 314 41 B 49 Gy 5 B R R it 1 % #

56 7 8 910111213 141516 17>17
HE I Repeat frequency

B 1 #E4ERE SSR ES XML ER
Fig. 1 Statistics on SSR repeats in lemon transcriptomes
FEITH AAG/CTT 2 £, 3995, KA M AR Ny
1.46%, 1 SSR {7 £ RV 2.48%; HKZE AAT/ATT,
AGC/CTG I ATC/ATG, 4355 & SSR i £ %k H i1y
1.71%. 1.26% M 1.17%, M. f. NEFRESL N

P, IERI E] 47 A A RS R
2~6, YN 3.615; WA A E N 0.143~0.905,
FH R 0.637; WG 0.187~0.798, Tk
0516, B ZBFEESTHEHN 0215~0.793,
10528 (£5).
24 FIEMROFEEERST

iz JHl NTsys2.1 5 F3E 17 UPGMA %2543 1 3k 1%
49 R RI T 5t A% ZREPERDIRED (F13), DLt fe i
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Table 4 SSR motif distribution in lemon transcriptomes

=il FAHH HEE KT HH RHAAH ER17]
Repeat types Number of types Repeat motifs Number Frequency/% Proportion/%
AL A/T 30978 45.48 77.07
Mononucleotide 2 C/G 1542 226 3.84
AG/CT 2180 3.20 542
— Bt AT/AT 658 0.97 1.64
Dinucleotide 4 AC/GT 633 0.93 1.57
CG/CG 13 0.02 0.03
AAG/CTT 995 1.46 2.48
AAT/ATT 686 1.01 1.71
A AGC/CTG 505 0.74 1.26
Trinucleotide 10 ATC/ATG 469 0.69 1.17
fﬁfi 1041 1.44 2.59
AAAT/ATTT 91 0.13 0.23
AAAG/CTTT 88 0.13 0.22
DU R AAAC/GTTT 22 0.03 0.05
Tetra-nucleotide # ACTG/AGTC 16 0.02 0.04
olicain 114 0.17 0.28
Other types
AAAAG/CTTTT 19 0.03 0.05
AAAAC/GTTTT 6 0.01 0.01
AAAAT/ATTTT 6 0.01 0.01
HECH™ . 15 AACTC/AGTTG 6 0.01 0.01
Penta-nucleotide
AGCTC/AGCTG 6 0.01 0.01
Lt e
o%}i:fypes 23 0.03 0.06
AAGGAG/CCTTCT 10 0.01 0.02
ACCAGC/CTGGTG 10 0.01 0.02
AR AAAAAC/GTTTTT 6 0.01 0.01
Hexa-nucleotide » ACCTCC/AGGTGG 6 0.01 0.01
S 64 0.09 0.16

Other types
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Table 5 Information on 13 pairs of polymorphic SSR primers in lemon transcriptomes
. _ AMEENEERE WA HHEE 5 BEEEE
g R ERCERL SSRA TG ﬁ;fii;i\j;. JE)}bJs:rVEc':dx ix de‘ctlzflzdx il 1{1,170 hLllsi
Primer No. Gene ID Primer sequences (5'-3") SSR motif . P Lo ymotp
allele heterozygosity heterozygosity information content
Cil-s  TRINITY DN21626 c0 gl i1} AGCGTACGGAACAGGACGATTTC - o0 3 0.429 0.351 0.404
1 - <0_glil g Greccaccacccatgatcatc  (T69) : : :
Cil-6  TRINITY DN22713 c0 gl i3 [OUAGGGGAATTGCAGAGAAAT - oo 3 0.841 0.664 0.657
1 - —0_el By, CAAAAGCGTCTGATTCGGATAA (A0 - : -
Cil-7  TRINITY DN22780 c0 gl i1 ACAGAGCCGCCGTCGTAATT ACA)10 4 0.746 0.566 0.570
- - _<0_glil . ACGCTGATGAAGAAGGCTGCTG (ACA) : : :
Cil-9  TRINITY DN20983 c0 gl i1\ LGITTGTTGCAGCTCGATACA = ror oy 0.317 0.309 0.365
il- - 0l ilp . geocgacaccaatracagacrrr (GTCD : : :
Cil-11  TRINITY DN2194§ c0 g3 2| ACCATCTAAGGGCTTCGTTTTA oy 6 ) 0.143 0.187 0215
e _ 083 2. GTAACGGCTTGCACTCCATCAA ¢ ) : : :
Cil-12  TRINITY DN14061 0 gl i3.° CIOCTCGGAGGTAGGGAATIG — 1p0 3 0.762 0.495 0.491
h - -8 R: CGAAGGTGGTGGTTAAGC ( ) : : :
Cil-13  TRINITY DN39739 c0 gl il . OCCOTCTCCAGAGCGCAAATT g 4 0.905 0.641 0.622
1 - _c0_el il g, aacacTcacaaTcatGeegega (16D : : -
Cil-14 TRINITY DN12772 c0 gl i1\ TCCCCTTTTCTTTGGCGTTCTT TCT) 8 4 0.698 0.507 0.507
b - —<0_glil g TGGGATCATAGCCGGAGTACAA (€T : : :
Cil-15 TRINITY DN15845 0 g il ° OO1TTGTCCCTTGCTGTAAAA AC) 10 4 0.746 0.601 0.589
- - -0_g2 il . CCGGACCTGAAAACTACTCTAT (AC) - : -
Cil-16  TRINITY DN22015 c0 g2 4’ TOGACACAGCGGCCATITIGT — o oo ) 0.683 0.479 0.474
b - 082 R, CGAACCCGTCCCATCTGCATAA ) . : :
Cil-17 TRINITY DN11400 cl gl i1 ° SOCCOAATGAGGAACCGAAGAA 1y s 0.730 0.798 0.793
h - el gl il . GCGGTAAATTAGTGGAGGTTGC ¢ ) : : :
Cil-19 TRINITY DN23736_c6 g2 il . CCOACTTTCTTCCCGTCTICTA * g 3 0413 0.373 0.436
b _ 622 il p. GGGATTTAGGCGAGGACAATGA (TCA) - : -
Cil24 TRINITY DN22258 cl g2 il | COCCGTGATGTGGGCGAAATA o\ 6 0.873 0.74 0.746
1 - el g2 il g pecracteerTroreacerrer  (G6A) : : :

“FII{E Average 3.615 0.637 0.516 0.528
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B3 1 1 (AP BERE A A L A B SRR S AL, o B
FTeoRATEE . LDNATEE, B4 1 2 (AP B RE S 7 15 7
MRFER AR, ARN T 15 K5O,
WA JeA AT g3 S BRE R
B, HgE25 . mpbArE . R B AErTE, BSH
INTF AP B B R, AT EESS, SR AR A E AT
B, Ak C2El 1S R R, L 1 ELAH
PR R R 14 RG2S, o0 I A A A

PAE SR AN RN e SN AR N i
B DA R SORT AT . BRI 57 Fr s . R
g 255 . RO 3 5 Z0Ar kR B AL SOKT 55
Frfe . LA . URBHATAR L LT AR L BOK
ik . B 15 Dl 2 B AP EHA L, 45
SRR 25 RIS L B DN R AT O A
Je; BIEmEt i s, BT R AT S AR 2R

it it

F)FH MISA #44%F 55.73 Gb B A7 168 5 s ¢ 9k 47
i, R E] 40193 4 SSR i 5, SSR W & 4
W N 60.32%, T MM 9 23.86%", i AL Y
35.05%"", KIS (Hylocereus spp.) (1 6.02%", %
KRBk 4 SSRE & /&, H K[ %) F )
SSR WY K AEM A 22 5 K, AIfigJE SSR KR Rk ff . JF
& SSR B T3 2 e B e AR A FhAS [F] oI 2 B . AR
WFoE B, AP SSR BRI . — | =B MREL
KRR E, WM., B, ANETRES KA, K
LA R E I (A/T) %, 5 SSR A 8
B 77.07%, X S EEN L s s
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—H, AT AR R ZHE Y SSR B E KL
T SETRANER, AXRZERATRYS SSR
R S B R Rl AR B G R IR 25 g el
AW H, ZHHMR (AG/ICT) =R (AAG/
CTT) EE KRB HE KL, 725 SSR A s S ¥y
5.42% 1 2.48%, X —4E A HmBE T mE L ok
SR S e AR T R 5 T RS — 3K

AHE G 2 5 B 13 X SSR 51 % 49 £y
FEE MR EAT MG ZREPE TR, B 3G 47 AL g
W, AREENHEREC 2~6 1>, FHE R 3.615, 5
e it e s R ST As RAAY, TP AR
i 4 U X 5 4 ¥ ( Halogeton glomeratus ) . # £+ 5%
U SR ( Catalpa bungei ) WIRIFSE 45 5 574 4%
AR ECN 3~ 13 M ERKRK, HERTGEYS
R RN | R EH DY SSR {7 A4 R0 A 1 2 A
Ko AW 13X 2B WIS ZEEESE
( polymorphism information content, PIC ) - ¥J {§ &
0.528, & TMAL"" (¥ PIC H 0.456, 1125 ( Camellia
japonica ) " ¥ PIC 1l 0.496, K Jr " PIC {1 0.45,
X AT B 5 A BIF 5 B 1 FH A RHR 55 w59 R B 28 B
VR Iz S B BT S R ] 5 AL R E R BB G,
PR FEIF & (1 13 XF SSR 54 FH F#7 i {% 22
PERT I FTAT Y, B 8% B 52 S iy A5l 5 22 ] =
R 35 1 A8 S 2 A

R P4 KR A AL 49 0 B ks S Z A1
BWRNFEE, EREHEE N 0.40 0, UL B0
SR, H-HKUMGEENE, FEUAEFTEERH
BrEdh, BB RUFEBEMEEE b E, F =LA
R BT R T A0 2 oK 57 A1 e b H i R A AL, SR
Kl BG5S, 55 28 G
B AT e B PN A T A i e 5 S I Y
SR RAE, (H AL AT FB 43 FE W AF TR 5 b S50 A
2, WEREGEE . BRA IR S REIE
ETE A R R TE — . XA S (Plum)
b &L ( P.pyrifolia ) U ( Zingiber officinale ) BU -
WAHGE , X 7R e AL F ik B b K ) 3 4R
TEPEFN RN R] 8 22 77 A HE PRS0 T B0, R U5 i A W] 114
MREIR A R —25, WEErE. SO RT
B BAIEMGESTITERAGE, XL
EF# B K (Glycine max LMerr.) P A 236, ¥
BH K U Ml AH [R] G A% 3 s e A E 22 /. Ui
P 5 2OK TN 55 S H i R 28, KWLy 5iky
5 UOKRT S5 A E h R RGO RIE, SHT
N2 B T S AR A . B AR L AL SSR FRiT
REMS Kby . St . B . HATE . FESEA X
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