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ITS2 Sequence Analysis of Cultivars and Their Related
Wild Species in Gardenia Genus

DENG Shaoyong, LI Kangqin, JIA Quanquan, CHEN Yijun,
ZHU Peilin, YANG Chunxia

(Forest Academy of Jiangxi Province , Nanchang 330032, China)

Abstract : [Objective} Gardenia plants are important ornamental, medicinal, pigment and oil resource
plants with a long history of cultivation.Due to different growth environment and long—term artificial cultivation
and breeding, their habits, leaf shapes, flower shapes, fruit shapes and sizes, etc.have undergone many varia-
tions.As a result, the variation types of G. jasminoides cultivated population are rich, and some relatively stable
cultivars have been formed.This study is to investigate the variation degree of ntDNA ITS2 sequences, genetic
distance and genetic relationship of G. jasminoides cultivars and their related species, so as to provide scientific
basis for cultivar identification , genetic breeding and diversity protection of of Gardenia.| Method ]In the study,
a total of 38 samples of 18 cultivars and 3 related species of Gardenia preserved in the resource garden of tradi-
tional Chinese medicine of Jiangxi Academy of Forestry were used as test materials.The samples were directly
sequenced by polymerase chain reaction.The ITS2 fragments of the samples were amplified and sequenced in
both directions. After the sequences were spliced by the Codon Code Aligner v6.0.1 software, the average base
composition percentage statistics were calculated by the lasergene Edit Seq 11.1 software, and the sequence
length, GC content and mutation sites were obtained by Mega 7.0 software.The genetic distance was analyzed
based on K2P model, and a phylogenetic tree was constructed by UPGMA method.[ Result | The analysis of se-
quence variation showed that the ITS2 sequence length of G. stenophylla and G. jasminoides was 347 bp, and the
GC content was 66.86%.The sequence length of G. sootepensis was 355 bp, and the GC content was 67.61%.Ex-
cept for ‘Ranye’ and ‘Jinfu Shuizhi’ , whose sequence length was 348 bp, the sequence length of other culti-
vars was the same as that of G. jasminoides, all of which were 347 bp.There was no significant difference in the
average GC contents between G. jasminoides cultivars and related species, which ranged from 66.28% to
67.15%, of which the GC content of ‘Fortuneana’ was the lowest, while that of ‘Radicans’ and ‘ Albomargina-
ta’ was the highest. There were 12 variable sites and 10 base insertions in ITS2 sequence alignment of all the
samples, of which 8 base insertions were unique to G. sootepensts, and there were 5 specific variable sites.Some
cultivars with common phenotypic characteristics had common variation sites.For example, cultivars with short
plants, small and narrow leaves, such as ‘Radicans’ and ‘Albomarginata’ , were at 50 bp, and cultivars with
relatively large fruits, such as ‘Fenguan 1’ , ‘Jinfu Shuizhi’ and *Jinyuan’ , were at 84 bp.Some cultivars had
peculiar variation sites, such as ‘Fortuneana’ (133 bp), ‘Xiao Baichan’ (229 bp) and so on.Sequence genetic
distance analysis showed that the genetic distance among species of Gardenia was generally closer than that be-
tween related species and cultivars, and farther than that among cultivars.The average genetic distance of all the
samples was 0.005 5, and the genetic distance between G. sootepensis and ‘Fortuneana’ was the largest, which
was 0.020 6.The results of cluster analysis showed that G. sootepensis formed a separate branch, which had the
farthest genetic relationship with other species of Gardenia and cultivars, and all individuals of G. stenophylla
and wild G. jasminoides exhibited a relatively close genetic relationship.[ Conclusion ] The results showed that
three Gardenia species showed high conservation in the length of ITS2 sequence and GC content.The common
variation sites of some cultivars and the specific variation sites of some cultivars found in this study would be of

great application value to the identification of Gardenia cultivars.Some of the clustering results were similar to
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the quantitative classification results based on phenotypic data, but there was no obvious systematic branch

formed by the characteristics of double petal, big fruit or small fruit.The results have certain guiding value for

understanding the origin of G. jasminoides cultivars,resource conservation and germplasm innovation.
Keywords: Gardenia; DNA barcode; internal transcribed spacer 2 sequence; molecular identification;

genetic relationship
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Tab.1 The code,name and origin of Gardenia materials

s h4 2 PSS R A a4 e 3/

No.  Name Cultivar names Origin | No.  Name Cultivar names Origin

1 FEWIKAE G. Jasminoides ‘ Kuanleng Shuizhi” JLVURIE| 20 435145 G. jasminoides‘ Fenguan 1’ AR
2 far 4k H. Jasminoides ‘Hehua’ VLM | 21 73K 15 6. jasminoides‘ Fenguan 1’ A AR A
3 KHWETF G Jasminoides ‘Grandiflora”  PUJIEEPR| 22 4:46/KHE G. jasminoides‘ Jinfu Shuizhi’  WiiT.27
4 KRAEWET G jasminoides‘Grandiflora’  PUJIEDE| 23 &AR/KHIE G. jasminoides* Jinfu Shuizhi® W17
5 KAEMET G jasminoides‘Grandiflora’  POJI|TER| 24 PetHE+ G. stenophylla e R
6 /NAYE G jasminoides‘Xiao Baichan’  VLFGEEMI| 25 BRMHET G. stenophylla P
7 /NAYE G jasminoides‘ Xiao Baichan’  VLUGEEMI| 26 KMHET G. stenophylla PP
8 /NHEYE 6. jasminoides‘Xiao Baichan’  JLPEEEM| 27 BMHET G. stenophylla JUPE SR
9 #htEr G. jasminoides ‘ Radicans’ P S| 28 Kb+ G. sootepensis = VISR AN
10 #HEET G. jasminoides ‘ Radicans’ VR E| 29 W4T G. jasminoides VLV B
11 EHET G. jasminoides ‘ Radicans’ IVERG B 30 WA T G. jasminoides VLTS &
12 JKAEF G. jasminoides ‘Longicarpa’  J W47 31 HPAEMET G. jasminoides FANIEEaRE]
13 KIEF G. jasminoides ‘ Longicarpa’  J P& 32 HIE G. jasminoides ‘ Baizhan’ ITVUEE S
14 KIETF G. jasminoides ‘Longicarpa’  J PG4 33 AfH G jasminoides‘ Zhongheng’ PR B
15 BEE G. jasminoides ‘ Fortuneana’ LR A 34 FEEE G. jasminoides ‘ Wuning’ TLPE UL
16 HiE G. jasminoides ‘Fortuneana’  JLPEEG & | 35 &FH G. jasminoides ‘ Xiangxue’ W VAR
17 L G. jasminoides‘ Fortuneana’ TLPERE S| 36 BNt G. jasminoides ‘ Ranye’ 4 R M
18 EMAET G. jasminoides ‘ Variegata’ TR E| 37 44T 6. jasminoides Albomarginata®  WIFGHEHI
19 SHMET 6. jasminoides‘ Chrysanthemum’ VTPHFEFE| 38 40 G. jasminoides* Jinyuan’ VIR B

12 W&
1.2.1 DNARIR  HPAMRAAEMRBCRIO , BT A HE A 0] 5236 %, -70 CAR I kA IR 3 0.
Omega ) 55 K 2 DNA Fil$2 320500 &, 4% 10 120 BRAR HORE 7 19 5 DNA . DNA YR B2 BT ol 40 oG R T
(Nanodrop ND—2000) (thermo electron corporation, USA) & 10 /L By Jg #¥ Bt i B 3K K 9 , Lamda Hind I
Marker (Mbi Fermentas , Shenzhen , Guangdong , China) YE MFRIfEF 1 o
122 PCR ¥ ¥ Z M PCRY I AP HY I [0 514 8 5'~GCATCGATGAAGAACGCAGC-3", i [ 5|
P14 5'~TCCTCCGCTTATTGATAT-3", PCR N 4 3 MR ¥ 2% 8 5y S5 i AR Tr 3k, 5190 & )R PCR
P 2 Al S I AR A A TR i) IRy A BR S W) 58 1
1.3 HiR4bE

W J5 B 1 & CodonCode Aligner v6.0.1 HEATBHER XS, I 5 X IR . K H Lasergene EditSeq
L1 FEAG R O 1TS2 e 90 - Y908 B 20 5 A 43 Eb AT 4231, 31 MEGA7.0(molecular evolutionary genet-
ics analysis) AT LEXT 3T, GETHORSF A7 AU BORTAE S 67 50 4, 2T K2P B e Al AR 335 A S I & A i
AL RS, FH UPGMA WA EEHE T 5 i Rl 5 I G P A R G ZEM, I LA Bootstrap J7 % (1000 I H &) K3
B RN SRR

2 BRESMH

21 FITRBEESH

R A3 ATAE T A 355 i Ao 8] B 5 30T 25 (] A9 38 4 0 A AR B8 R 25 57 K/ AR BIEGE SR ) EditSeq 11.1 5851 T
38R ITS2 Fr B i B Y RN~ Y B 20 B 43 L, e Br 25 SR L3 2.0 BRI AE - (6. stenophylla) FIAE
T ITS2 7 1) K BE 2 347 bp, “F- 1) GC & 1N 66.86% ., K HE T % 51 K & 4 355 bp, GC &% & N
67.61%. NI AT I BERE Rt G KAE Ry 348 bp A, FoAth 5 B3 514 B FbE 1 — 3, 3
} 347 bp, GC &N 66.28% ~ 67.15% , Hirp  FAWE " GC & B ek (66.28%) , ‘400" k157 AdE |
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CHREET CREAE CUKBE T 6N RN GC A R 66.57% , & AR KHE GC i N 66.62% , kM GC S i N
66.67%, ‘T CRAE T /NEEET CAEMAE T BAERE T R SEROKAE T AN Rl GC
H66.86% , ‘HEHEF AT 2R GC & iR 5 (67.15%) o HEF K AN a] K2 5 4l iy
T GO EHRAHZEIFAWIE
F2 WFHIERWEEEMITS2 FENKESTEE.FHORMEAK
Tab.2 Length range and average base composition of ITS2 fragment of cultivars

and their related wild species in the genus Gardenia

i e B B /bp
o, Names T/% C/% Al% G/1% (C+G)/% Fragment longth
1 FabiIKAE 16.14 34.58 17.00 32.28 66.86 347
2 fiidE 16.14 34.58 17.29 31.99 66.57 347
3~5 KALHE T 16.14 34.58 17.00 32.28 66.86 347
6~8 N=1S 16.43 34.58 16.71 32.28 66.86 347
9~11 EEET 15.85 34.87 17.00 32.28 67.15 347
12~14 IKHEF 16.43 34.58 17.00 31.99 66.57 347
15~17 =LA 16.14 34.58 17.58 31.70 66.28 347
18 AR Tea 16.14 34.58 17.00 32.28 66.86 347
19 K2 n 16.14 34.58 17.00 32.28 66.86 347
20~21 K15 16.14 34.58 17.29 31.99 66.57 347
22~23 S ARIKAE 16.12 34.53 17.27 32.09 66.62 347 ~ 348
24~27 Bent-He ¥ 16.14 34.58 17.00 32.28 66.86 347
28 KHEHE+ 15.49 36.06 16.90 31.55 67.61 355
29~31 AT 16.14 34.58 17.00 32.28 66.86 347
32 Mz 16.14 34.58 17.00 32.28 66.86 347
33 PANE! 16.43 34.29 17.00 32.28 66.57 347
34 pois 16.43 34.29 17.00 32.28 66.57 347
35 HFL 16.14 34.58 17.00 32.28 66.86 347
36 SR 16.38 34.48 16.95 32.18 66.67 348
37 &S 15.85 34.87 17.00 32.28 67.15 347
38 4t 16.14 34.58 17.29 31.99 66.57 347

FIMEGA7.0 %48 -4 55 bt Fl 5 0 5 Fh 38 45 ITS2 JF BIFEAT X LA HT , Hex i A 12 428 S0 4
10 ISR A, 2550 MERE S A8 S AT DL 36 30 Fi 3R 3 T 60, HE 7 B S 1 b N A5 128 5S40
A ARKHE T AR N 3 AR S AT 10 MR A 8 R KA M 1Y, BLAFAE S MR A
Lﬁﬂ%ﬂmm7%8ﬂ4%6%ﬂm&%éWﬁﬁL~%%%ﬂ%ﬁﬁ P ) b 22 (a4 A ] B A
S WA R AR /IS /NI SR R 48 T AR R AR R T AE 50 bp &b, B SRR X R Y A A
GPN 1B AR AKHE R G TE 7 84 bp Ab%E . e B U AT S IS R S, G P 7E 133 bp
Qb /NI AE 229 bp AbEE
22 FIEMEEESW

K FH MEGA7.0 844 , AR 4 K2P A5 AU F 350G 7R 355 Bl 5 30 2 FpoRe 7 91 B A st (L HE B8 (3 4) BB 7
18 ANk AR 3 AN G2 38 AN it [B) K2P -2 38t A5 HE 2547 0.005 5, S EEAE 1 I (1] 35t A% 1 25 i
K, 40.020 6; 4T BeMAE TR EAE T 8 HF S [B] 19 F- 345 % #E B3 0.005 2, fe Kist & B4 0.017 6,
e T AT T R 8L R B 0.015 6, BRI T A K B AT T [0 P 28t & FE B2 0.016 1, 5+
B AE (8] 7 493845 7 25 R 0.001 45 KB AT T FIAE F 18 AR Kk b P ] 382 4% 5 25 - F 0.014 6 ~ 0.020 6,
PR IR 0.017 9, B AT AR 18 Rk 3 A RS AL BE 54 T 0 ~ 0.008 7, V- 34844 2
0.005 1;HEF 184~k SR A B AZ B AT 0 ~ 0.008 7, XA B 4 0.005 4, Horp 8 HAE T 4R34
FEH VRS CE CBREE A ARKHE AT AR FE T SR R B ROR
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Tab.3 Variable sites of ITS2 fragment of cultivars and their related wild species in the genus Gardenia

Hr XA
Yoo Names 50 84 121 133 166 167 187 229 268 274 279 280 281 282 283 284 286 287 303 340 343 344
1 SilkAKk#E T G ¢ G - - T A A - - - - - - G T G C G -
2 fite T G €C G - - T A A - - - - - - G T - C G
3-5 Kfffgev TG ¢ 6 - - T A A G - - - - - - G T G C G -
6~8 J/hH¥E TG C G - - T G A G - - - - - - G T T - C G
9~11 #&%#EF CG6 ¢ 6 - - T A A G - - - - - - G T G - C G
12~14 X#f¥ TG C G - - T A A G - - - - - - G T T - C G
15~17 H¥ TG C A - - T A A G - - - - - - G T A - C G
18 f#MHEFr TG C 6 - - T A A G - - - - - - G T G C G -
19 &#e¥r T6 ¢ 6 - - T A A G - - - - - - 6 T G - C G
2021 %1% T A C G - - T A A G - - - - - - G T G - € G
2 4&fEKk¥E TA C G - - T A A G - - - - - - G T G - C G
23 &fE@KtE TG C G - - T A A G - - - - - - G T G G A
2427 ¥eMfEF TG C G - - T A A G - - - - - - G T G G -
2526 P TG ¢ 6 - - T A A G - - - - - - G T G - C G
28 K#&EF TG C G ¢ ¢ ¢C A C A G G C T C C A C G - C G
29~30 BA4EF TG ¢ G - - T A A G - - - - - - 6 T G - C G
31 ¥AwEF TG C G - - T A A G - - - - - - 6 T G C G -
32 H&% T GC G - - T A A G - - - - - - G T G - C G
33 mE TG6 T G - - T A A G - - - - - - G T G - C
34 ¥ TG T G - - T A A G - - - - - - G T G - C G
35 # TG6C G - - T A A G - - - - - - G T G - C G
36 gt TG C G - - T A A - - - - - - G T T G C
37 Mg cc C G - - T A A G - - - - - - 6 T G - C G
38 4t TA C G - - T A A G - - - - - - G T G - C G
x4 ETF ITS2 FIMRFHIERMSIELEMAK2P HEES
Tab.4 K2P genetic distance between of G. jasminoides cultivars
and their related wild species based on ITS2 sequences
1,3~5, 19.25,
9~11,37 1823,  15~17 2 6~8 12;14’ 2629, 3334 20;822’ 28
24,2731 30,32,35
9~11,37
1,3~5,18,23,24,27,31  0.005 8
15~17 0.0087  0.008 7
2 0.0058 0.0058 0.0029
6~8 0.0087 0.0087 0.0087 0.0058
12~14,36 0.0058 0.0058 0.0058 0.0029 0.0029
19,25,26,29,30,32,35  0.0029 0.0029 0.0058 0.0029 0.0058 0.0029
33,34 0.0058 0.0058 0.0087 0.0058 0.0087 0.0058 0.0029
20~22,38 0.0058 0.0058 0.0087 0.0058 0.0087 0.0058 0.0029 0.0058

28 0.0176 0.0176 0.0206 0.0176 0.0206 0.0176 0.0146 0.0176 0.0176
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23 |FHEBRMSEEMNREREMEAE
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AETE M ACAREORRY AL | S Rk, MIAEEE B/ /N ST AR T R A R
A — B, WA BT ACAADS BN SRR /NIRRT FIE IR KA T REEAE—il; R 1
T ARSI B0 | AR R, KR A SEROKAR L B ARKAE L RAERE T
WRELE I, R BT RGO R B e T HIHE T REA 5 RSBV A &S A RE—
A AN, SO 5 R SRR Pl SERKAR L ARKAE | RAEAE 7 REEAE — & B A AR
PemHAE A T AE T I T R RORE R, CRE AR SRR T ARG T A
LI TR RHS Bk, AT AEHE T PR T R B BGL AR C R
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Fig.1 Construction of UPGMA tree of G. jasminoides cultivars and their related wild species based on ITS2 sequences
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