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WE: fTRARARAAFZEE, RTNES, At REARA TR LS EL(SSRFRTELH S EKFL
BATAR R TR e BRI AR M A, AR TRF 24+ F= SSR Hunter 3% 448 45 &35 F6 M Zanthoxylum bungeanum *+
SRR 09 SSRAZ B ATk, SR BT, TR A R A Y LA 144 A SSR 425, 45 508 69 -F 3 45 7 3
B4 110000 bp, A THAMBKMHZEAMK, SREL LN IEETE—, ZHFRTEL, —F & SSRAEEEHW
91.67%, &, FEALR A 30 *F SSR 71 445 10 4 FeA Ay Ji | 5 4 45 ot o Zanthoxylum armatum #¢ FiFe 1 43 B
AR FHR Zanthoxylum piperitum #¥JR# 47 PCR ¥4, EiF R 105 5%50 4, AP EBFREIL LG 4SS
W& T S FmELA L, AR K6 et 04k SSR AR LT A L R o 16, Aot fide B R, 12 A A
FARMEM S AR, R SAR R B 2049 SSR ARIE T R T WS Zanthoxylum TR B AR 1A 69 1545 % Hk o4, A
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Development of chloroplast SSR markers of Zanthoxylum bungeanum and

their generality for interspecies and intraspecies

LI Sigiao', WEI Yi', LIU Hongyu', ZHANG Zhidong', ZHANG Ye', WANG Lihua® LIU Yulin'

(1. College of Forestry, Northwest A&F University, Yangling 712100, Shaanxi, China; 2. Institute of Biotechnology and
Seed, Sichuan Academy of Forestry Science, Chengdu 610081, Sichuan, China)

Abstract: Simple sequence repeat (SSR) molecular markers in the chloroplast genome can be used for
germplasm resource identification and population genetic structural analysis at a higher classification level due
to the chloroplast genome being of maternal inheritance and high conservation. To screen and develop SSR
markers which will be useful for genetic diversity analysis, fingerprinting and germplasms resource identifica-
tion in the chloroplast genome of Zanthoxylum bungeanum, a traditional spice plant in China, TRF software and
SSR Hunter were used to screen the mono-, di-, tri- and tetra-nucleotide repeat motifs and 16 germplasms of
Zanthoxylum including 10 individuals of Z. bungeanum, 5 individuals of Zanthoxylum armatum, and 1 individ-
ual of Zanthoxylum piperitum were selected to test polymorphism of these detected loci. As a result, 144 SSR
loci were identified with an average distribution distance of 1 100.00 bp in the chloroplast genome of Z.
bungeanum. Based on parameters set by the detection software, mono-nucleotide and tri-nucleotide repeat mo-
tifs were the main repeat types accounting for 91.67% of the total. In addition, 30 SSR primer pairs were ran-
domly designed and synthesized with 10 of them showing polymorphism. The polymorphic markers of mono-nu-
cleotide repeat motifs were more than that of polynucleotide repeat motifs in this study. Furthermore, these
Weks B . 2018-12-17; &M H . 2019-03-11
HEBTH ;. PHILRMABHEI A A BT SC R Rl 55 H (%40 (201710712023 5 ok i R HEARHAIT AL 55 2%
LIGERINH (2452015167) 5 FEGA bl 24 45 £ Jkﬂﬁffﬂ"éiﬁ(201304706)
EE A 28T, WEMABREERPITL, E-mail: 2146341971@qq.com, MWFEIEH: XIEM, IR, #t:,
ML TR B 5L B MIFS, E-mail: 1y112504001@126.com




1242 LN 3 Ny = 3= 23 2019 4F 12 H 20 H

cpSSR markers could effectively divide Z. bungeanum, Z. armatum, and Z. piperitum, but no polymorphic
marker was found in the 10 individuals of Z. bungeanum. Thus, cpSSR markers of Z. bungeanum could be used
for genetic diversity analysis among different interspecies of Zanthoxylum. [Ch, 2 fig. 3 tab. 19 ref. ]

Key words: botany; Zanthoxylum bungeanum; chloroplast genome; SSR; polymorphism analysis

AP A E AL (SSR) JVZ o0 Al T EAZE W) (R R 20, S AR DR 20 DL S R AR R R 2, w4 —
KL 1~6 MEH RN ERE EouryHECESE DNA pa, HHG Mz 280 HAEIL B, SSR Fr
IR I R AN T Fh BT IR S S s R TR TEAE T, T AR R B D A R I B R
e, DR i T AFRE W, JLPARATA, PRI m TAREERA , B, iR 4l
() SSR #RiC (chloroplast SSR, cpSSR) AI 7L 8 & 70 28K L EATRRIA] | Fh S Fist i EAb e pr e, Bl
e il I PR R I A R AR ) I S R B LA RO P 5 A1, AL A 244 SSR AR 31 1T 12 1Y
T &5 R M Zanthoxylum bungeanum J2& 257} Rutaceae fEWUE Zanthoxylum f8%), 5 HZ 0§+
Je e EAE G R R R 2 AR T L R AERBUR B FEOR A FAEM Z. bungeanum ( SUFRZLAEHL
ﬂﬁﬁ:?@ﬁﬁﬂ)%nﬁufﬁﬁﬂ Z. armatum(l%%:?zﬁi) , M7EH AR FERH HATE Z. piperitum(l%ﬁﬂ*ﬂ
A A AEAR) AT IRR IR 50 R0 A 25 FH V6 M 43 O S O3 B, ZERT AN RIBT ST, BT A% LA 20 N
¥ 5 25 7 FF & 1) SCAR (sequence-related amplified polymorphism)#5ic ", ISSR (inter-SSR) #ric ' fl EST-
SSR (expressed sequence tags-SSR)FRic 45 E A B EHUB FE P 13815 A, 17 epSSR ARic 7EAE U=
YT & 5N ABE R ILARIE . ST, ABHFFEXTAE cpSSR 7 st AT, A3Ar H oA e T A I AE
B, P AERURN H A SRR B 92 I ke 280 EpRi], IR EARUE MY AP BT g e S8 | st L itk ot
SRR EERIPRIC A

1 M5 %

1.1 SSR iSRSt

FETABEFEHTHAARAT A AR 2R AR FE K 217512 FIF TRF (tandem repeats finder) ZEZE4K 4 (http://
tandem.bu.edu/trf/trf. htm) ) R P ZH R EE 75, WEHEEH =10 K; FH SSRHunter {7 2 A4Z
PRELHNIN 2, 3, 4, SHYSSR i, XMMEEHE NS, 3, 3, 3K, GIFF 2 MR S5,
it 1~5 bp AT RRE & T FEACHUT SRR SN AL A7 B . KB 5 DLF A X (LSC) | JH 545 DL P 51 X
(SSC)AN 2 AN R FFHIIX (IR) . SSR 514 FH Primer3 % 44: (http://primer3.ut.ee) %1, JRII Ay, § i
JFBEA 150~250 bp; 5IHHEE R 18~22 bp; iR KRE N 57~63 C; GC it 74k 30%~55%., 519
VA T A T AR BRA FA L
1.2 FMREFERES DNA ZEL

AMFFE L 16 (3 AEHUR RIS IRIES T SSR 228 PERY e, Horp o dE sk |1 o DU 1] 44 Fn o ST Y
5 A I AE AR BT REIER AN 1 £ H A AEARCRP BT 58 I (352R A WO 14 MRl B2 i 52 B 2E M B R 5 R AT 53 i
FEABCR B ) A KR F DU B, B IR AN PGS 5 S48 1 10 4 A8 AURR 09 R (242K A PE AL AR Ak
PR KB AU 7Ry 3k ) FEAT 28 VERI T L (£ 1), FrA R BT IR 3 #k, BREF IO RiR &
RERE T, WiRIAAER A,

BHAFP BRI 2L 4 DNA FIFH R4 3L N 240 DNA RBGRH] & (DP305)” (Abat RIRAEYA FRA
FDHEEL, BN 1% BB, A LM LTSI DNA B Ak B G B2 20 mg- 1, 4 Cf%
e
1.3 PCR# & REESIT A

PCR ##4{K 2~ 20 pL, 1235 10 pL 2x Tag Master Mix (B i MERA YR A TR AF] ), FH DNA
(20 mg-L™")5.0 pL, 1. EFIH(2 wmol - L4 1.5 pL, MFE/K (ddH,0)2.0 wL, PCR ¥ #FF K. 95
CHIAEPE 5 ming SRJT 95 CAPE 30 s, 55 CIB A 30 s, 72 CIEMH 30 s, 35 MEFF; 72 CIEM 8 min J5
4 CHAF, BU LS nL 4 PCR U3 7=9), T 7 B0k 8% 1) 5 PR s TR e B8k Jie v ik (1 A2 B3R 100 W, 100
min) 7> BRI, {5 1] pBR322 DNA/Mspl Marker VE WARifEsr T, HRYSARIETE,
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Table 1 Origin of 16 germplasms of Zanthoxylum
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N Z. armatum . .

DIRRE M o, PN || SERTTCH Z bungeanum  ‘Dangcunwuci’ PG A8 T

Hanyuanputaoqingjiao
Fap Z. armatum  ‘ Goujiao’ DU 148 e 22T INHAEMC Z. bungeanum  ‘Fuguhuajiao’ PBIEVE 45 Ky MR T

Z. bungeanum

R RLTH PUNERERT || LR KRLHM Z bungeanum  “Shandongdahongpao’ LA 2 I YT Tl
‘Hanyuandahongpao’

THAERU Z. bungeanum  ‘Youhuajiao’  FEHE/SEIKTT || INTEKLH’ Z bungeanum  ‘Shanxidahongpao®  11PG4 K T

R Z. bungeanum ‘Suhuajiao’ TN S EKTT || H AR B Z. piperitum A i

WRIKER, Soi B St b 0~1 BOlRi e, B HT R A0 1, R4 0. A
FH NTSYSpe-2.10 B fe AR 25k, AR IR X 2R - #35 (UPGMA ) HEA Tt (MR
2 R E A

21 HMMHEEERAS SSR S HES
MU SRR SE R 41 4Kl 158 401 bp, BRI T 144 4~ SSR A7 A5 (K 1 AIFE 2), EIEFEMUTS A
FERH P 4AERE 1 100.00 bp B 14> SSR i 5,

FAE SSR AL 5 FEAE BT ZRARFE R A1 H (o7 1 (P 1) 0 s o
WAL, 1SC X 437 85 4 SSR fif 45, 4 SSR 44 %k iy . O %*iﬁﬁfig
59.03%, “F371 010.56 bp H 3 1 4~ SSR i 1. ; SSC IX. . 10 " B - BHEREL
i 23 4 SSR A, i SSR OB BN 15.97% , T4 4 30f a :*z‘jﬁfiﬁ
765.65 bp M i 1 4 SSR 45 7E 2 4 IR X (IRA fl 5§ PO Y R R
IRB), 434 18 4~ A 1 SSR i 5, A SSR 2 20T
JBI 25.00%, X 1524.72 bp 4345 14 SSR 3745, ol ; Iy
o b, PEFREEMN —ETREL 554 62 2
FI70 4>, PidE 5 SSR KU 91.67%, HAELSCIX, 0 T E—
LSC IRB SSC ! IRA
SSC X AR XIJA 34 . R IR R MU R A 75 %)
S A 54 (3.47%)F1 T A~ (4.86%), H _#ATIRTE %is/;z.rﬁﬁ%mwumss 898 bp) , mn;ég
Jan e s e e T 41|B(85 899~113 344 bp), SSC. ¥
AT SSC X, PR H AR Ao A T LSC X, m$§U(113(345~130 955 bp) PlRA. % 1 &
ERERE L, PETREZKREEZETE 10~15 ¥ 31A(130 956~158 401 bp)

W, IS4 AR, R A R 87.10%, i B 1 SSREFMCHRIR BT 89 5 4 A
E§ﬁ> 15 W\E/‘J;j\:ﬁ 8 /l\{j}{—i, :ﬁﬁ@ﬁﬁﬁﬁ%ﬁjﬁ Figure 1 Distribution of SSRs in the chloroplast genome of
S, SRR DR T RO T 3 0, AU Panthoylum bungecnre
BHOUEA MR ERE D AT EE L 60 4, W C/C ERAEANE 24, “EHREE TN
AT/TA; AAG/CTT Fl AAT/ATT J = REE LR EE T, R 254, HaELE TR 20
A5 A, AAAT WU IRE S PSR EE T3 1), HAEEI T 41 (& 2),
22 SBHMIREARSERES

HRYE SSR 7 S B, 1 Primer3 #0435 T 30 X514 (44 4 YLT-01~YLT-30) 3 -A i, Hrr,
YLT-01~YLT-20 4" 34 F BeAu & i Je: 2 A &% 2 AL A% R 8 52 47 5 (YLT-01~YLT-12 {3 F 1SC; YLIT-
14~YLT-18 £ F SSC X3 YLT-13, 19, 20 F IR X)), YLT-21~YLT-30 ¥ 1 i Bt & i 2 iR &
AT (YLT-21~YLT-27 £ T LSC IX; YLT-30 fii T SSC IX; YLT-28. 29 fii T IR IX),
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F2 1EM cpSSRMES KA G5 KE
Table 2 Repeat types and times of cpSSR in Zanthoxylum bungeanum
HAE B

G FEHIT AR
3 4 5 6 10~15 >15

HR TR A/T 52 8 60
C/G 2 0 2

IR AT/TA 4 1 5

SR AAC/GTT 5 5
AAG/CTT 22 3 25
AAT/ATT 20 4 1 25
ACC/GGT 2 2
ACT/AGT 2 2
AGC/CTG 4 4
AGG/CCT 2 2
ATC/ATG 5 5

DA% R AAAT 2 1 3
HAth A 4 4

2 PCR P 1E, 30 X5 |W3aed b RRue W H W BBt Hod, 10 XI5 9 7e tikFh i 225
PR, IS | AR 33.33%, WNFE 3 AR . 10 X5 ALK B 24 ARG, Hod, YLT-26 5
4 AZENLFER, YLT-21 M YLT-29 1% 3 AN, H4ny 7 M5 (YLT-01, YLT-17, YLT-22,
YLT-23, YLT-24, YLT-25 Fl YLT-27) 374500 2 DS 5L, EEE 2 DMEMEEE B 7 81,
YLT-01, YLT-17, YLT-24, YLT-25 Fl YLT-27 REIX 43t HASHEMR, AEARS Pt AEsBCh — 2 (P18 7 BoR
/N—3%), T YLT-22 Fl YLT-23 94 42558 . 10 ( AEsoRh B fa] — 8, At el S H AAERUR [A]—7
AL, YLT-21 Fl YLT-29 RERFAEHL . ATHHAERHUR H AR AERUX 43 FF 5 YLT-26 AALFEX 43t AEAR . AT AE A
FHATEM 3 N EHUE R TFEFD,  ELBEX 20 AT AEABURP B R A AL, BEAh, RAGIN S A0 7E 10 13
TEARRP R I 5 (] 2)

AT 20 XL 2 DR 2 AL BT RREE NS5, U 2 X5 2380, i
S PR RRE AT 10 X519, A 8 X5 YRIMEZENE, 2R EG TESZHEFREL
AT 1,

&3 ZTMSSRIMMERER

Table 3 Characterizations of polymorphic SSR primers pairs
SSR X[ E/  F B Ak

o o J—
51M 4 %% Em5I#(5—3") m5#(5'—3") \EHIT bp bp P
YLT-01 GAAGGGCGTCCATTGTCTAA GAGGAAGCGGAAGCTCTTTT (ATA); 10 940~10 948 218 2
YLT-17 TGAGACATTCCCAAATCCAA  GACCGAAGCTTTTTCGAACT — (TA)s--(TA)s 122229~122258 177 2
YLT-21 CCGTGTCAACCAATAATCCA  ATCCGACTAGTTCCGGGTTC (T)s 1 931~1 946 198 3
YLT-22 CCACAAATGCATTCAGTTCC CAGGCCCGACAGAATAAAAA (A)n 7 436~7 448 177 2
YLT-23 GATTGGTTCGGTTCCAAGAA  GGCAATTTGGCGAATAAAAA (A)s 7 924~7 941 215 2
YLT-24 TCGCATTGTAGCGGGTATAG TTTCGAATTGACCCTTGGAT (A)y 9 976~9 995 219 2
YLT-25 CATAGGTCATCGATTCAGCA  AAGTCCAGACAAAGCACGGTA (A)s 13 422~13 436 239 2
YLT-26 AACGGAAACGAAGCGATAAA ACGGGAATCCACCAAAAAGT (A 28 499~28 514 248 4
YLT-27 ATCTGGGAACGGGGATTAAC CCATCAGAACGGAACGAAAT (T 33 511~33 527 157 2
YLT-29 AGCCACTTGTACTGCGAATTT ACGTGCGATTCGATAAAACC — (T)i++(A)y 124 632~124 666 207 3

2.3 BREHSMH

T 10 DN BVEFRICHRINEE R FIFH NTSYSpe-2.10 BT AR Y 16 4y LU Fh R 24T UPGMA
BRI, WK 2 s . TEAEARRI R BRI N 0.22 F, AlEF 16 AEMUR RS 2 25, BIAEMURI AT i
TR 125, BARTEACH 128, ZEBEAHIREURE N 0.59 B, ADREAERURATIEZERUS R 2 A/
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YLT-01 5 ' :
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YLT-27 AL —
CHEM R AL
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Sl R g 5
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Figure 2 Cluster diagram for 16 germplasms of Zanthoxylum by UPGMA method

MAEEL ZEE R 0.91 B, AREEAT I AEARH B A B oAt 4 AT I AEARRR BT X 20 oR 2 /NS, BR2E
G5 52 bRiC r S 25 RO 3L
3 itk

ARG AEACAR Y SR AR FE DR 4] L0 BE 2] 144 4> SSR v o5, Hiih =R E 2 i E0E 25 T 5%
R EE VS AR AU T TR 2 A, 5 TERRAT Dendrocalamus latiflorus FIZRAT Bam-
busa oldhamii MR RSP 2H H AR 15 SSR 7 AR — 3, (A 5$EZE TS Medicao truncatula™, 4L
Gossypium hirsutum"" " FIEE 1141 5} Dendrobium huoshanense " 55 { SRR IE R 2 4 DL Bz IR T 42 0
ANFE B, B EE FTE, BOEIE A SSR 8, AMFRTE ST IR E B B e L, R
FREKTIET 3 WAL, RT3 WBEE N GG =R ERE S0 11.43%(8 1), Hit,
AR A IR E R E L TR IR E R &R RS E E ARG, A, FERL cpSSR 7E LSC
F SSC X Y3 A1 % 2 i T IR X, TEAEARU SR AR BRI 2 b, GC B 0 BTELSC X, SSC XA IR X
53R 36.87%, 33.51%F1 42.54%", T GC A 3 NEHAHE, $T0% GC MR AR R Z M T AT 1]
(9 2 AR, DRIt B o B A A B im0 R AR, AERR SRAARFE P 4H rh TR X SSR o7 A5
AL R R S GC B 73 B ¢

MERARFE I 20 o TR, AW RN A, I, Hh R0 S S G R, B TRt
R SSR FRickr TR AL L4 SSR ARic iR fish, HTE M T m, 7EFP B 9ER 4 e rh T HL it
A3 FEARMFESATH 10 DSBS 1YF, A 2 X5 90] LEAWFZE T e AsUE 19 3 SF X TF, 1
XTI el LR AEUF S < HRC XA SRIT, 10 X225 [ RAE 10 Oy AEARFR BT ge J5 b 3%
IR 28k, FI T, AR AT AERR,  AERUR N AR BT IR AR SR AR R AL ARSI

AMFETT K BIAEHT cpSSR TR R AEHUE Fh B 258 i bmic, (HEN TR SEE, FFit—2D ik
Pl Z M =AY cpSSR ARic sl FH EST-SSR, # 3L 4 SSR (Genomic-SSR) && R 5P AR X HAK AR i
PEIRHATIX 5T
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