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Abstract: As an important ornamental and landscape plant, llex verticillata has received increasing attention in
flower markets of China. To foster breeding of new 1. verticillata cultivars, genetic relationships between I. ver-
ticillata cultivars were analyzed by inter-simple sequence repeat (ISSR) markers. Four primers with polymor-
phism among I. verticillata cultivars were screened from 12 candidate ISSR primers. Results revealed a total of
63 bands with polymorphic bands accounting for 90.48% implying they could be used to identify relative rela-
tionships among different I. verticillata cultivars. The genetic similarity coefficient of the 12 I verticillata culti-
vars varied from 0.54 to 0.87 indicating that the genetic relationships among I. verticillata were relatively close.
Clustering of these genetic similarity coefficients showed that genetic relationships among cultivars were differ-
ent with the relationship between L. verticillata ‘Jim Dandy’ and I verticillata ‘Cacapon’ being the clos-
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est. This study will help lay an important theoretical and practical basis for genetic breeding of 1. verticillata.
[Ch, 2 fig. 4 tab. 20 ref.]
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ALK llex verticillata X 450 HE4T . XNEEH, BLXEHFR Aquifoliaceae &5 & llex ZFAREAR,
J 7 e EARALER , MEMERIR, 24 KRAEMREMIX, ‘&Tﬁik?@ﬁ?kﬁﬁ@ﬂﬁt%ﬂﬂﬁﬂo 5 H R A
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ZAE, ﬁtﬁinnﬁ$ﬁ1$x£?2’ e, JESEA T W] BB Z R OCTE, B A AP Rl AR AL TR
BB, AT, WAk MRS AR, B LAEEZILIES . SR Hre & A i E 2 TR,
ST PR BRI . A TR IR AT R G BT A R DR R SR A A R R 2 A (in-
ter-simple sequence repeat, ISSR )& — 7 L & #. B & J7* 51 (simple sequence repeat, SSR){E R 51 H), FTH
& BFBE 2 2 v (polymerase chain reaction, PCR)$ AR, 7E £/ 5 48 SSR Z 8] DNA H B4 FHric
AR, M ERGERFRAIR KT 1994 42018, HAZEMS . BAERME . A RER A, EinfL
FEHEVRAN . SR, RGERE . BISWHE . 7 TR E R SE Oy B A EEN A, O RO AR R 5T R
WAL B A 5T A0 B R R N BT N T AZ A ]uglans regia'?, FEMI Tamarix chinensis“”, W Juncus
effusus"™, ZILHEMEAR Loropetalum chinense var. rubrum'', 4% Solanum tuberosum™®, #24¢ Cerasus ye-
doensis " EEY T AN S E | FhBTRE ISR | il 2 f&“?ﬁl%éu AT Hr v o Zliﬁﬁ?ti‘lf HIF 3000 [ A AR
e ML | ARG b, DL 12 AU AH A Oy A R, R 225 ISSR 51 Wy £ i F 6] 2k 47
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Table 1  Ilex verticillata cultivar information

%= st il 44 B E 3 FAFFE
R, llex verticillata ‘Oosterwijk’ fip2s VEAR M 8.0 em x 4.0 em, fEW] 6 H %7, oo, o4t 9~12 mm
R, Ilex verticillata ‘ Apollo’ FEE BEAR,MERE, T A 8.0 cm x 4.0 em, £ 5 HJE
Rs  llex verticillata ‘Red Sprite’ FE FEAR MR A 55 cm x 25 em, (£ 5 A FA], H 4% 10~12 mm
R, Ilex verticillata ‘Winter Red’ FEE EAR,M A 6.0 em x 3.0 em, £ 6 A7, BN, AL 7~9 mm
Rs llex verticillata‘A. Gray’ FE WA, 6.5 em x 3.5 em, 4] 5 A HhA) 2R 2R A 10~12 mm
Re Ilex verticillata ‘Winter Gold’ FE FEAR,M A 6.0 cm x 3.0 cm, £ 6 H A7, B4, B L 7~9 mm
R, llex verticillata ‘Jim Dandy’ S WA R, AL 5 A
Rs  [llex verticillata ‘ Afterglow’ FE FEAR R M 5.5 em x 2.5 em B/ 5 H N A, BAE 7~9 mm

Ry Ilex verticillata x serrata ‘Sparkleberry’ (female) %[ WA, etk
Ry Ilex verticillata x serrata ‘Sparkleberry’ (male) S8 A, A 5.0 cm x2 .5 em, {61 5 A T A), £ 5~7 mm

Ry [Ilex verticillata ‘Cacapon’ FE FEAR, M 3.5 em x 5.5 em, kst EE S A NALEE 7~9 mm
Ry llex verticillata ‘Southern Gentleman’ FE FEARHERR M A 6.0 em x 4.0 em, fE#I 5 H FA)
ck llex decidua FEE A, H 5.0 cm x 2.0 em, £ 5 H#7, B4 5~7 mm

1.2 DNA HRERE RREH N
R UL HE R 40 DNA $2 UK & (RARE AR IRA A, a0 3R 564 35 SR 241 DNAS,
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NanoDrop-1000 %Y 43 656 BE TR I DNA [ ¥k B RN 4l B 5 FH i 20 50 1.5% 1) B B M58 it i 9K K DNA
PRI
1.3 ISSR 5| ¥k K& i 1%

P12 2 ERIER 2758 ISSR 1Y) ikl ¥ [ 2, miE LAY TR(EE) AR AEK], i
B 4% b 56 467 i Bl 36 I 41 DNA S BEA 647 PCR §73% . ISSR-PCR 3 5 W A& 2 48 20.0 pL, £ & =8
TR T 0 A8 A% T R (ANTPs) 3.2 pL, 10xZ% whiik 2.0 wL, #itk DNA 1.0 pL, 519 1.0 uL, #B4kik 12.6
wL, rTag fifi 0.2 pL (Takara, H 7). ISSR-PCR 4" 34 F2)% . 94.0 CHIAS P 4 min; 94.0 CAS M 70 s,
51.3~61.0 “CiB & 50 s, 72.0 CIEAff 70 s, 3£ 35 PMEFR; 72.0 CLEA 7 min, 4 C{4E, PCR 74 &
SN 15% ) SRR GE RS LUK 7385, FELIKES ]2l 40 min,  HL UK AR 7E 28 SN BEIRE BUIS 2 40 WS T 4R IR

*x2 %ZEREISSR5#
Table 2 ISSR primers for llex

5199 5 5191751 (5'—3") T igulC ElRZERes FIMFEI(5'—3") T a2/ C
ZBSI-001 (CT)sT 51.3 ZBSI-007 (GA)YT 51.3
ZBSI-002 (CT)sG 51.3 ZBSI-008 (CA)SRT 56.4
ZBSI-003 (TC)sG 52.5 ZBSI-009 (AC)sYG 52.5
ZBSI-004 (AC)sT 52.5 ZBSI-010 (TG )sRA 54.2
ZBSI1-005 (AC)sC 52.5 ZBS1-011 (ATG)s 58.9
ZBSI-006 (AC)G 61.0 7ZBSI1-012  GAT CAA GC TNN NNN NAT GTG 54.2

1.4 Sitoih

PLO A1 Zp AR AR A FITG, Zeit 4% ISSR 5190%) 12 AL &3 dh g9 38 5 &0 . I NTSYSpe
2.10e BAFTH I 25 il 18] A9 38 A6 AR LR B, A5 20 AR LR MO I 5 i 7 RO ORE M T AR AL 4L 24 3%
(UPGMA) 17 df B 18] R 50 Hr

2 HERGAMN

21 12 MLE%H KM ISSR 4 FIRKEE
412 A ISR 5100 G314, Ro~Ra 8 BRI AL DNA S BUBRIERT PCR 5746 . 28 SO BRI

AR, 1 12 KRR 4 2T\ p R R R RRLR. R, R, R, R, ck M

R ELELAT 2K | 5RO TSSR —T =1 200069

5| ¥y (ZBSI-002, ZBSI-004, ZBSI-007, ZBSI-

000) , LA 6 H1 9 2 25 1 51 %8 45 it

L 4] DNA #£17 PCR ¢34, #4H DNA 550 |mem — || — - 1000 bp
3 DA S R RET K751 R Q< 8 T IN n  Y 750 bp
BT AR AR B I B 1 65 b 2 Ak - == === =]

B, VI RIR T R EAETE — E B 5L 25 (- | e - —|  500bp

S Kl A i R 43 R - -
AL, 12 AL 4T M FNE 4 4 ISSR 514914
WP AR 63 A, b EAMES B 1 12 AR A F S ZBSI002 3] 4 5 5 %
% EI/J [:[3 {ﬁj IJj 90.48% , UE Eﬁ Fﬁﬁ%l % B’J § 7& @ Figure 1 Fingerprints of ISSR primer ZBSI-002 between the 12 cultivars of
evs, ATRUTH T %58 12 AL & 7 & b e fex verticillata
P SIIC LB
22 124N ELBERMHELER

12 AL FE 47 5 R 0 14 AR L R 00 0.54~0.87, (LA BIE T 0.60(F 4), UEHI4 MR 34 6 &
BEAE . A X BR 9T AT (ok) 5545 b 36 4 75 BRI I 38 A5 ML P R BCH 0.44~0.68, W] BALFIL AT
R 2 F 38 A AR (DL R (35 4), DR L 5 & 7 A T AT RN A (9 R 4 6 RAR T AL LR H RN R %
7, SEMWLERHIF .
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12 L RAF MR REHAM AR 3 tEXERMEL K

KREERFEN . JLFELH A A ETEA[A] BB Table 3 Statistics of bands amplified by 4 ISSR primers in the 12 cultivars
of llex verticillata

< ISSR 51 ¥ i = ERI P B & H

MRS KR A 2 AT A Re 5 HAth & Rl

S RS . Re 5 Ry ] 352 BB SIWds  EEWE ZEMEAWE Z AR 1%
. . o 7BSI-002 16 15 93.75
XF LG s R AR B (R AT, Ro 5 Ry KA — ZBSI-004 15 13 86.67
SRR, LR R AT, B o o . o
Ak, Ry fl Ry MR& KRR, HEH R M 7BSI-009 14 13 92.86
Ry ZRIPRGRRZRE, WU E R a4 63 57 90.48
PEAR 075 1€ R A AN [R] b 58 4 75 S A, LA st
Pk 9% 5% 0 R R0 3.
T4 SEXSHFETLE 4L ISSRE A EHEEMRUERERE
Table 4 Genetic similarity coefficients of 4 ISSR primers in llex verticillata cultivars
i R, R, R; R, Rs Rs R, Rg Ry Ry Ry Ry, ck
R, 1
R, 0.63 1
R; 0.57 0.75 1
Ry 0.71 0.70 0.67 1
Rs 0.60 0.62 0.78 0.70 1
Rs 0.63 0.67 0.57 0.71 0.70 1
R, 0.67 0.68 0.62 0.76 0.59 0.57 1
Rg 0.70 0.65 0.78 0.79 0.81 0.70 0.68 1
Ry 0.63 0.62 0.59 0.76 0.65 0.70 0.78 0.68 1
Ry 0.70 0.59 0.59 0.79 0.62 0.63 0.78 0.75 0.84 1
Ry 0.63 0.71 0.68 0.73 0.62 0.60 0.87 0.75 0.81 0.78 1
Ry, 0.71 0.67 0.57 0.78 0.54 0.62 0.86 0.63 0.76 0.76 0.83 1
ck 0.54 0.56 0.46 0.60 0.46 0.44 0.68 0.56 0.65 0.68 0.65 0.63 1
3 WiwEEw
ISSR 1y —Fh B L0y 4 FARicBR, &) M El
AT RS E . 7 FAnicii Bl $t . Bt Z R 7 ‘| ERj
. BTN | A P T B PR 5 % 4 R
SR, JFIUE T RS EEMRE. B, 4 TRick —L &
REH AT, B4 H BRI B H —
N FH o T4 B R B TISSR 43 AR ic B AR X A6 R i X ‘l_‘ — E;
5MEN) 28 NBATF llex pubescens #E AT T /08T, 5{
FHIARLAR A 0.769 3; UPCMA R HTERE ) 5¢ 0.65 0.72 0.79 0.86
M. 7F 0.34 /K- EFR BT llex pubescens var. glabra HHALL 2 K

HEBEAHFAEW R ok A5 F LY 3 2
A&7k DNA(RAPD) M9 Fr B K B 2 5 1%k (AFLPs ) #
ICEARXS 10 MR F AT 1RGO KR EE, KA

B2 RALEAFSRFTERAMAKZREE

Figure 2 Clustering of genetic similarity coefficients among 12

cultivars of Ilex verticillata
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, ZASFIK 90.48% il B EE AL AL R ECH 0.54~0.87, Bl il 6] A9 56 2 OC AR AR BCIT o ol 1)
mf’?*ﬁ“%@(%%@ HOREH . JLELFH MM EAFEA R MR KR, REIEEY FAEw ML, H
FFH ISSR 3 b 10 A 58 B I 1 6 00 1 4% 1> o B () 40 35 DNA 22 5%, 368 ISSR 7 FhRic fE L 2 & 55 0%
GRFRMEE FHAAATE

AR 12 DAL 2F R A A SR 2 T a5 R EZ B . llex verticillata  *Jim Dandy’ (R;F1 L verticillata
‘Cacapon’ (Ry)[A]ZEZ 5 R I, M L verticillata x serrata  ‘Sparkleberry’ 33X — i FHEHE % (Ro 1 Ryp)
SRS OCZRHT, 3 Ud B i T R AU 0k i R (A [m] i i, st A% KPRy 22 ST REIE AN K. Ak, A
AR AVRE 58 22 R E G K R FORE, L verticillwta  * Afterglow’ (Rg) 5 I verticillata  ‘Red Sprite” (R;)
AIRR T . R R AE A ORI, RS LK BRI RGO R MBI s WA IR IR S st e ¥ R % LR b
KB, KB LMW L verticillata  *Oosterwijk’ (Ry) 52k B £ E @Al 11 A6 324 Sopp A6 40 i 7 19
202850, MRS RAZEM S A 5M L verticillata  *Winter Red’, I verticillata x serrata  ‘Sparkleber-
ry’, L werticillata *Jim Dandy’ Z5)AEF] 1K, K, A GBSO A R i 22 2L 45 AE F0 R I8 5
%/l\ﬁjﬁlﬁlﬂﬁ%é%aé/%o BT AT AR, BRATE AL 5 AC LA 75 7 Mt R b ] 2 BOR %00 i 45
R, 3 R G OC R B Y R ] 1Y 228 SR B AR I U AR ST, DAORUE RN A Y 3548 Z AR PEOKOE 5 TR
IF, o m] DR dt AR BB B R R Rk, DL R IR BRI 548 2R LA, fRIEdE e &
TR AR alfrg R .

4 5 ik

[1] DIRR M A. Manual of Woody Landscape Plants [M]. 6th Ed. Ellinois: Stipes Publishing LLC, 2009: 537 - 541.

(2] kR, FHWE SEEHABTTEL) ] LPEMOL R, 2011(6): 26 - 27.

QIAN Ping, JI Chunfeng. Research on state trees of United States. [J]. J Jiangxi For Sci Technol, 2011(6): 26 - 27.

[3] BAILES C. Hollies for Gardeners [M]. Portland: Timber Press, 2006: 170 — 173.

(4] Bk, AT, FEARLL. ISSR rFhnic L HAE M OT S B R [T ). 2 FHE¥ & F, 2007, 5(6S): 123 - 129.
ZHAO Qian, DU Hong, ZHUANG Donghong. ISSR molecular marker and its application in plant research [J]. Mol
Plant Breed, 2007, 5(6S): 123 — 129.

(5] JAE%. LF R ISSR 707 bric St B 81U SRR R A SL (D] BIN - STk s, 2009.

ZHOU Xijun. Inter-Simple Sequence Repeat Molecular Markers in Ilex and the Tissue Cculture System of Ilex cornuta
Lindl ex Paxt [D]. Zhengzhou: Henan Agricultural University, 2009.

[6] REDDY M P, SARLA N, SIDDIQ E A. Inter simple sequence repeat (ISSR) polymorphism and its application in
plant breeding [J]. Euphytica, 2002, 128(1): 9 - 17.

(7] BREAE, WIEEXS, KWL, 4. A AFLP HOR 7047 U1 A BT IR A ist 18 ZREPE (], M A 524, 2008, 32
(6): 1362 - 1372.

CHEN Lianghua, HU Tingxing, ZHANG Fan, et al. Genetic diversity of four Juglans populations revealed by AFLP in
Sichuan Province, China [J]. J Plant Ecol, 2008, 32(6): 1362 — 1372.
[8] POTTER D, GAO Fangyou, AIELLO G. Inter-simple sequence repeat markers for fingerprinting and determining ge-
netic relationships of walnut (Juglans regia) cultivars [J]. J Amer Soc Hort Sci, 2002, 127(1): 75 - 81.
(9] EH, MERE, TR, % PEEE S NRASEEEEZHE ] MRz, 2007, 43(7): 120 - 124,
WANG Hua, HAO Junmin, WANG Baoqing, et al. SSR analysis of genetic diversity of eight natural walnut populations
in China [J]. Sci Silv Sin, 2007, 43(7): 120 — 124.
(10]  BREAE, WIREXS, KWL BAk-S5 Pk AN E OC R 1 RAPD S8 [J 1. PR ML Rz 27 4, 2007, 25(4): 513 -
516.
CHEN Lianghua, HU Tingxing, ZHANG Fan. Identification of relationship between Juglans regia 1. and J. sigillata
Dode by RAPD markers [J]. J Sichuan Agric Univ, 2007, 25(4): 513 - 516.

(1] BRsn, B, Sk, . 2 s A Bk Rl g 18 2 BE PR RAPD FISSR ARICHEFE [T ], WIALAR AT 5T, 2007, 22
(1): 56 - 61.
CHEN Shaoyu, YANG En, ZHANG Yu, et al. Genetic diversity of Juglans silillata Dode varieties by RAPD and ISSR
markers [J]. Hebei J For Orchard Res, 2007, 22(1): 56 — 61.



B35S EH AW FABMIAE: 12 DAL A MY ISSR R4 6 R0 617

[12]

[13]

[14]

[15]

POLLEGIONI P, BARTOLI S, CANNATA F, et al. Genetic differentiation of four Italian walnut (Juglans regia L.)
varieties by inter simple sequence repeat (ISSR) [J]. J Genet Breed, 2003, 57: 231 — 240.

JIANG Zhimin, CHEN Yuxia, BAO Ying. Population genetic structure of Tamarix chinensis in the Yellow River
Delta, China [J]. Plant Syst Evol, 2012, 298(1): 147 — 153.

Seledn, SE e, BRE, S5 TR IR BT IRE A ZREPE R ISSR 3 AT [T ] W TLARMOR 2R 4, 2017, 34(3):
552 - 558.

CHAI Xiaojuan, GUO Weilong, CHEN Hui, et al. Genetic diversity of Juncus effuses germplasm by ISSR markers
[J1. J Zhejiang A&F Univ, 2017, 34(3): 552 — 558.

Wi, FALE, BFE, % T ISSR ARSI AL AEMEA SRR ZOC R AP HTLT]. AR, 2014, 41(2):
365 - 374.

DONG Haiyan, JI Kongshu, HOU Boxin, et al. Genetic relatives analysis of 41 Loropetalum chinense var. rubrum
cultivars by ISSR markers [J]. Acta Hortic Sin, 2014, 41(2): 365 — 374.

HRAR, Rz, spdk, 5. DREE MR ISSR 4[], P E S% %, 2010, 24(1): 1-5.

TIAN Dacui, ZHU Hongbo, GUO Jianfu, et al. Genetic diversity analysis based on potato ISSR [J]. Chin Potato ],
2010, 24(1): 1 - 5.

MAr, FEE, T, S 39 AL R OEZOC A I ISSR 43 Hr [T ). MM WEFE, 2016, 36(2): 297 - 304.

LIN Li, WANG Zhilong, FU Tao, et al. Genetic relationships of 39 Cerasus cultivars by ISSR analysis [J]. Bull Bot
Res, 2016, 36(2): 297 - 304.

P Ee %, AT ISSR 45 Sr 8135 il r SR A Sh S AR RIER D L oM TN EEZ R, 2016.

FU Quansheng. Establish Fingerprint for llex pubescens based on ISSR PCR and Preliminary of Ingredients Cumula-
tive [D]. Guangzhou: Guangzhou University of Chinese Medicine, 2016.

BOkE, EEW, RAKE, %10 FAFBEY L 2R RAPD F1 AFLPs 387 [J]. 20 7 4 M A= W2 4l
2008, 41(1): 35 —43.

QIAN Yongsheng, WANG Huizhong, SHI Nongnong, et al. Studies of genetic diversity among 10 species of Ilex
based on RAPD and AFLPs [J]. J Mol Cell Biol, 2008, 41(1): 35 — 43.

WK, Bk, ZWE, & DIRA R g AT B ZREPER ISSR M [T ] AR 2 HETE, 2005, 13(6):
546 - 554.

LENG Xin, WANG Zhongsheng, AN Shuqing, et al. ISSR analysis of genetic diversity of Ilex integra, an insular en-
demic plant [J]. Biodivers Sci, 2005, 13(6): 546 — 554.



