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WE LER, mTERNERS. R KR aA B EGEBENZAANE, BREIE(Physalis)fYTEERTEE N Z 2T
KL K. R SSRAThric H AN & [ VE Fl A E B0 A0 (4P BRI JB FE ) (0 223 FF AT TSR G R R 7T, 4R E
B, 205t SSREI Ly 3G 118 £, HAF1074N(90.7%) N 2 A AL s T35 F [A1iE% AH L 2 4°90.501 . UPGMAZE 2 F
PCoA/ M4 RIS MRS 18, I HS HHRIR I B AR AL i 20 A KRS Hodr, BRIR(P. alkekengi var. francheti) ] i ¥ i
S5 EmMEEED AL g e, MR N2, SaANTFARLS RIEFYE . JFARY, SSREfLEEEEEE, L
AT RRFEBREWIIRE R RSN RS RNRK B R EIR R RS T ARG, RN BN > FHiBh & M

e T E B
KB KR, FEKR, SSRA TR

KEaE, BIW, FHFR, BHE, ERF (2018). ETSSRATHRLHRRKBHEMIEEG R AL, MYk 53, 305-312.

P& ¢ J& (Physalis) 2 7t £ (Solanaceae) 1 — /1~ 4
WEHENE, N ARSI AEREAREY) . 2R
JEAEYIL L 75120, K2 4 A T M By Sl oy
X, A Ho AT T BRI K B J 2R B 0 ([ R} 2 Bt b
[ H ) & i #5822 11 45, 1978; Maggie and Manos,
2005; Wei et al., 2012). %/J&7ERE 25540 T4
IR e M PR SR, R AR T4500-1 500 m
ISR Jebriaegss . 48 ChERE®E) 1d#k, o
A T E R 2% @ A ) F A SR RI2 AR B . K2 4L
e R R A BA PUAAL . BLR S b 55 2 Fh 2 LS 14
(Ding et al., 2014; # <45, 2014; Zhang and
Tong, 2016), FHAR. REATAT AN, & RiGITE
P R 98 | N B hE S50 (V5 4%, 2009;
KM 145, 2015; Xu et al., 2016). H i, BR¥(P.
alkekengi var. francheti), X 4875 H&4T, B
(Pt NRSEAEZG ) (20154 ). BN, &
% (P. angulata). /NER I (P. minima) 1 & & ¥ (P.
pubescens) & LER Z Hh 2 Hh 77 rh AR A I 8k B
ez Ak, KA BRKIEHEYE &2 MR, vTLH
RAMHE D« YOk, R E AN CAREKE” ()
WA E B, 2013; EReHESE, 2014; FH %,

W ks H 3H: 2018-01-28; #%52 H #H: 2018-05-09

2017; @2, 2017).

TR 3 @ A IR 18 4% 5 R VP 2 JT R R 3¢ B M 4
mi M A BEUR ORI R LA AR, DNAZFhRid
BRI i 7 BB A, BIRTERRIKBHEY)
B K8 43 W 9 3 LA v AE R ) Ak 2 R0 24 SRRV 7 T
(Jietal., 2013; T{izZfH%:, 2013; Ding et al., 2014; Li
et al., 2014; IEWIH%%E, 2015; Yang et al., 2016;
Zhang and Tong, 2016; Sun et al., 2017), {HitH —
LeDNAZFARIL A, WISSR. SNPs. ITS. ndhF.
trnLFF psbA-trnHEE L 28 N H T R 2% J& #8401 82 A%
ZRMET . RG KB WU DL SR T B R A E SR
(Maggie and Manos, 2005; Olmstead et al., 2008;
Garzon-Martinez et al., 2015; Zamora-Tavares et
al., 2015; Feng et al., 2016b, 2018).

SSR7> ¥ AR ICF A A2 HE T ] 52 5 5 [ 5l (simple
sequence repeats, SSR)H K K17 FFric. AR fij S
R IR E RS WA IR aa el K7/ M i bR alll IR -X g =
FR) 22 5 S A DRI TR (1) 2 2451 o BH -SSR FAmicfE
HRZAYBER A 502 EFE. KEZHHA
ARl RAERIE I RN, B Az EAR Y,
WA TS AE T T B AR 1) 7 Fhrid . —(Feng
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et al., 2016a). AW RFHSSR FHric A 4RI &
TYII220 R TSR GO R AT, IR BT
BRAA . FIRORA B Ao 0157 24 8 B LA

1 MR5EEE

1.1 SCIEHE

ARSI R FH 3 A3 An T 3R E Y N (4R R 3R R AR )
™ Ik (Physalis angulata L.). /N (P. minima L.)+
R 3% (P. alkekengi var. francheti (Mast.))F1 &R (P.
pubescens L1224 FE &, FEARIEAMAG B IR . BT
B REYDRE i 38 AR 5 5K B B S e i TR,
V4 BT R b 5 R R 2 B v I S BT AR bR A U R 3
(http:/iwww.nhpe.org) bR AHON L, iE— P a R
mi A EHETHERA 1 o

1.2 DNA$ZEL

BYHLAECRE SR i i 7100 mg I NBIFEER, AL BRI
TR PV 8 K. R, MY Ezupt: X ]

F1 220 BRI R FEA R

A DNASHIIR A S (E TAY TR EE)ROERA
], Cat No.SK8262)#¢ HUfE ¥ £.DNA, HAKD RS %
PR S B . R 1.0% B 5 A e Ji X A o
DNABEAT HL KA I, [ B 1 48 o0 20 6 06 BE A
DNAIKE . F4 R i DNAWKE R 250 ng-ul™', BT
—20°CUKFEIRFE £ o

1.3 S|¥FiE

2% Simbaqueba®s (2011) i 5T 771k, 4 SSR
5130t . i Tk, w200 2 A R
PELF HAT 38 2% 5 T W I 5 036 AT 5 S50

1.4 PCRY 1% =4

SSR-PCR LA & AR H20 pL, 452 pL 10x
PCRZE#(100 mmol-L™" Tris-HCI, 100 mmol-L™"
(NH4);S04, 100 mmol-L™" KCI, 1%Triton X-100,
pH8.8), 2 uL MgCl, (20 mmol-L™"), 0.4 uL dNTPs
(10 mmol-L™"), . Fi## 31410 pmol-L™")#%1 uL,
il Tagl1 U, BiHEEFI4DNA 50 ng. SSR-PCR

Table 1 Twenty-two Physalis samples tested in this experiment

No. Species name Code Origin

1 Physalis minima XSJ1 Qianxi, Tangshan, Hebei

2 P. minima XSJ2 Mudan, Heze, Shandong

3 P. minima XSJ3 Lou’an, Anhui

4 P. minima XSJ4 Lishui, Zhejiang

5 P. angulata KZ1 Jianggan, Hangzhou, Zhejiang
6 P. angulata KZ2 Xiaoshan, Hangzhou, Zhejiang
7 P. angulata KZ3 Luotian, Huanggang, Hubei

8 P. angulata KzZ4 Honghe, Yunnan

9 P. angulata KZ5 Naijing, Jiangsu

10 P. angulata KZ6 Linhai, Taizhou, Zhejiang

11 P. angulata Kz7 Wenzhou, Zhejiang

12 P. angulata KZ8 Pujiang, Jinhua, Zhejiang

13 P. angulata KZ9 Xiajin, Dezhou, Shandong

14 P. alkekengi var. francheti SJ1 Faku, Shenyang, Liaoning

15 P. alkekengi var. francheti SJ2 Donggang, Dandong, Liaoning
16 P. alkekengi var. francheti SJ3 Nong’an, Changchun, Jilin

17 P. alkekengi var. francheti SJ4 Zoucheng, Jinan, Shandong
18 P. pubescens MSJ1 Faku, Shenyang, Liaoning

19 P. pubescens MSJ2 Nong’an, Changchun, Jilin

20 P. pubescens MSJ3 Chaoyang, Zhaodong, Heilongjiang
21 P. pubescens MSJ4 Mudanjiang, Heilongjiang

22 P. pubescens MSJ5 Hulunbeir, Inner Mongolia
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T S 94°CHUBHES Sk, 35/ HR(94°CAx 1
40%D, BIVIT ML I K A0FD, 72°CHE N1 45307);
T2°CHEMI05 b, SIS J98% 1y A4 P SR P 4
eI 6 PCR AT Wik R 0, 3 P AR ik e
R IRIE

1.5 BEGHoH

F|H Quantity onef4(Version 4.6.2) % A\ T4 BhH)
BT VE AT UK BB . v T ORIESS SR AR
X 51T 2 R PCRY™ B A1 L gk A, IF H &
THIH T EE e ELAR S YRR I HL PR AL o [F]— 7 s A 2%
1CAET, Te&AIC EO. A EEER LT IR0/ SR Aa K PR H
ANTSYS-pc 2.10e#f4:(Rohlf, 2000), &4 & A )
i 4% Bl £ % (simple matching coefficie, SM) (Nei
and Li, 1979), Jf&:T-34E AL 41 #172% (unweighted
pair group method with an arithmetic mean, UPGMA)
BEAT R 54k, iERINTSYSpe 2.10ef /1)
Dcenter % Eigenf2 J7 24T 3= AL A5 43 4t (principal  coor-
dinate analysis, PCoA) (Gower, 1966).

2 HR5WR

2.1 SSREBLMLH

205t SSRE| 4 3L 4™ 48 1184 il & (Y LBk A7 A, A%t
SV 1G H HLK S B A T 2— 11 2], AR A
VIV 86 5.9 M7 1(R2). fEFTA Ik A&,
10742k e 2 &AL S, &Ly E 2 &0
P S E AT 211 2 18], ~PIg8t 5 P16 5.4
ZEMEMA . B G2 EELE ST
75.0%-100.0% 2 8], T2 M H 4 N90.7%.
5| #1SSR55FSSR1 12y i yik A i 5 5 0L 1

2.2 REHEEES R

WAL AHAANE 2> M7 (2 3) R W], Bl R 3% J& A P Ao )
AL AR B R B2 A T-0.382-0.600.2 [, >F 34 Foft [ A
LR 0,501 Fhrr, /NER SRR w7 i 1] FR) 8 1% AH A
JiF 5 K (0.600), = 1 3 N 1 5 2 1) F) 8t 1 AL 8 3L
#2/1M0.382).

2.3 BRES
FE T SMIt A AL R B R, HUPGMAE X T A it

KT BTSSR TARMCHIIRK BHEYIZRG R RWIIL 307

R AT R i (E2). IEI2RTLLE H, (R
LR E090.42040, 7T LICKRE 224 R il R DA 2K
FeIHMNA . Horp, 1AL R %, B 7 BIRK. W
TALNER S B I A R, TR BLAR 911, 1-2A01-3
BN, 7 nlEdE T LR3I E A P
PERFEA . BRI A P ICRE it Iz B R IR R A
YIRE i, B RRIZ

2.4 FEHIRSH

FIFINTSYS-pc 2.10e M4 B i 247 PCoA %y
BT o 224K i (1) 4 2 AR BR 7 My 45 R AN EI3FR, 112
A FAABR 530 8 7 A 1B AR 7 (1) 24.3%4123.9%, &R
A B AR T 1 48.2% .« AL KR 4> BT 45 R 5 UP-
GMAR L5 REA —5, JFHEUWHE I 7%
MR BRI HIEG R R SR EIR, 22MEFE
mn [FRE T DAy 2K 2K, B — M pp A A1 v T 4
HRAE [R]— > 2 [E) DX 3k

25 itig
5 RAPDMISSRE:F W W 1 8 A 1) 73 1A id A L,
SSR¥Fic &ML WA Thrid, B, BERedEr e s
VIR Z BISR G R &R IR, SSRAThrid &K
DN T VF 2 WY 2R 405 R 7t (Wei et al., 2012;
Teshome et al., 2015; Wang et al., 2015; Feng et
al., 2016a). Simbaqueba(2011)3%: T &35 5 (P.
peruviana) 1% s 4 HE T Kt — 4] H T HL 8 v
I F 48 SO AL Z LR U SSRER L . AFAIE
B, 66.7% (20/30)1)Fk & & 5% SSRAR i il LA 254 H
TR DR RIS BRIKABAE R R
2). AHELRER, 90.7% (107/118)ISSRY™ 1 447
2 /ML, mT HEE(Glycyrrhiza)fE ¥+ SSR
TR 2 451 (89.44%) (2% R %, 2015), LA
FrE(Apium graveolens)FEE: i Fl b FISSRZ A 14 L
1%1(53.85%) (Fu et al., 2014). HILAT WL, AHF 700 ik
H K 1204 SSR > b id S W EFR 3K J& N A AT 1R 4f
FE I, WA T A IR ) SR 4 8 R AL
HERG PR A R R P b 2 18] (2R 5k R 2 W)
o> B AN B CR A 1) SRR . T IR R AR
] T AR AE T AL, 245 R R Y 4
H173 SEABN J9  t BHE A o A TR R B0 R 2 B R
(Maggie and Manos, 2005; Wei et al., 2012; Feng
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F+*2 20X EFEEFHISSR)IT AR L ZEMER

Table 2 Amplification results and polymorphism information of 20 simple sequence repeats (SSR) primer pairs

Primer name Primer sequence (5'-3") Repeat Tm No. of Polymorphic ~ Polymorphism
type loci loci rate (%)

SSR2 F: CATTGGGTTTCGCATCCAT AG 60 6 6 100.0
R: AGACAAGCCTAGGGGAAAGG

SSR9 F: TGCTCCGAGTTTTAGGGTTC AG 60 8 7 87.5
R: GCAGTTGGTAAAGTTGAGAGACG

SSR10 F: GCTTCCTATTGTGTTGCCTGA AT 58 5 4 80.0
R: ACTTTGGGTTTCGGGAATTG

SSR11 F: CAGCTGAAATAAGAGAGTGATTGG AG 57 4 3 75.0
R: CCCTCTTTTTCTCCTCCGAGT

SSR13 F: GCGGAATCCATTGTTTTTCA AC 58 9 8 88.9
R: CCGATGGAGTATAGTCACGCAAA

SSR15 F: GCTTGTTGATCAGCTTTCTTTG AT 57 7 6 85.7
R: TGGATCATAACCTTGCTAATGC

SSR36 F: ATGAACCACATGTCGGAGGA AG 58 7 6 85.7
R: GGGGATCCAAACGAAGTGTA

SSR54 F: CGGCTGGTATGCTTACAAAGAT AC 58 4 4 100.0
R: GCACTTCCACTGTTTTTAACTTCC

SSR55 F: CACCTACATAGGCAGCCAAAA AG 58 7 6 85.7
R: ATTTGTGGGCGGAGGAAG

SSR57 F: AGTGAAAAGCAGCCCATTCT AT 56 9 8 88.9
R: GGCGAAGCTGAATTGAAAAA

SSR67 F: GCTTCTGTTCCATTATTCACCA AG 56 5 5 100.0
R: GCAGTGTGGGATCAATCAAT

SSR68 F: GAAGCAAACAACTACACCCAAA AG 56 8 8 100.0
R: AAGCCTCGGATTTCATAGCA

SSR77 F: CATACCATAACTCCCCATCTCTC AG 57 4 3 75.0
R: TGCCGATTCTGATTTCTTCC

SSR92 F: TGGTTTGAGGATCAAGAAAGAA AAG 56 5 4 80.0
R: GTGGTATCAACGCAGAGTGG

SSR107 F: CATCCAACACCAGAAATACGC AAG 58 4 4 100.0
R: TCCAACTTTATCATTTCTTCCAC

SSR110 F: CACCCATATCCCAATCTTCTTC CTT 60 4 4 100.0
R: GGGTAATTTTCACGGGGAAT

SSR112 F: CTACGCCTACCACTTGCACA TCT 60 11 11 100.0
R: CAGTGGAAGCCTCAAGATCC

SSR118 F: AATCAAGGGTCAGAAGAAATGG ATC 58 2 2 100.0
R: GCAAGAATGGATGTGGGTGT

SSR123 F: TCAGTGGAGCGCGTATATCT ATC 60 5 5 100.0
R: GCGATCTCACCAAACCTCTC

SSR127 F: TTGGTTTGGCATAACTGCAA AAT 58 4 3 75.0
R: GGTTTGCAACTCTCATGCTG

Average - - - 5.9 5.4 90.4

Total - - - 118 107 -

etal., 2016b). A7, MK 4RI &Y 7))
J&F2/ ¥ J& (Maggie and Manos, 2005; Feng et al.,
2016b). H v, FFEEAIEER K 5 58 T Rydbergisii

J& 11 Angulatael Fll Epeteiorhizafl, /NER ¥ [ )&
T Rydbergisil.J&, {H2 %A HFRIE; 5HE3F
MR B, BRI & T PhysalisiJ& . \UPGMA
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Figure 1 Amplification profile of primer SSR55 (A) and SSR112 (B) in Physalis samples
M: DNA molecular standards. Lane 1-22: The 22 Physalis samples (sample number is the same as in Table 1).
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Figure 2 UPGMA dendrogram for 22 samples of 4 Physalis species based on simple sequence repeats (SSR) markers

© 0000 Chinese Bulletin of Botany



310 Hi¥%4R 53(3) 2018

R3 BB TR AR LR AL
Table 3 Average interspecies genetic similarity coefficient
in Physalis samples

Measurement Similarity
coefficient

Average interspecies genetic similarity 0.501+0.074
coefficient

P. angulata vs P. minima 0.600+0.042
P. alkekengi var. francheti vs P. minima 0.437+0.036
P. pubescens vs P. minima 0.570+0.037
P. angulata vs P. alkekengi var. francheti 0.444+0.044
P. angulata vs P. pubescens 0.514+0.043
P. pubescens vs P. alkekengi var. francheti ~ 0.382+0.040

REMPCOAN & R KAE, KA F MK
MIFTAFEAR I RAE . BURRBFE M 2 2K

i[Ep)

Z(IF, HA, Kk HRydbergis & 755 BRI

0.22

0.00

Dim-2

-0.22

AUNRHAE VTR, K E Physalis & f R 3 )iz 2
HERKIBHY), BMEFEANZE. AV AR
SRR, FE2RK BT R GG R P R
HA R BITHEA . HAh, BATHIB R R R IR K S
HemK B gL ¢ R L (Feng et al., 2016b,
2018). MaggieflIManos (2005)#f 7N A, BRH & —
Pl SR BRI R AR, BOZ BB — AR . K
i Axelius (1996)K T BRI @M IS 253 5 T52%,
AP BREA/NR K E T Rydbergisii.
J&, i3 )& T PhysalislV )& . B2 3¢ & H i E—#% ¢
e N B L AITE 24 L) (201 5% ) IS 1 8 5 i 24 P AL,
HARAERE—BHURESREFREMES. &
W7 AEAR KRR _E 5 Axelius (1996) A K Maggie il
Manos (2005)[#F 7L 45— 3, RWPSSRI TFHrid
TERR I JB A5 5 0% R VP vh LA L0 1A S FE A2

-0.09
Dim-1

B3 T B E LT FI(SSR)MRC 220 TR I SR A YA i — 4k 1 Aebr 7 A

TIEICTE g

Figure 3 The analysis of PCoA for 22 Physalis samples based on simple sequence repeats (SSR) markers along the first two

principal axes
The codes are the same as in Table 1.
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Genetic Relationship of Physalis Plants Revealed by Simple
Sequence Repeat Markers
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Hunan Agricultural University, Changsha 410128, China

Abstract In recent years, Physalis plants have attracted increasing attention worldwide due to their high nutritional
value, edible fruit, and potential medicinal value. In this study, simple sequence repeat (SSR) markers were used to as-
sess genetic relationships with 22 samples of four Physalis species mainly distributed in China. Twenty SSR primer pairs
produced 118 loci, 90.7% (107) of which showed polymorphism. The average interspecies similarity coefficient was 0.501,
which indicates a degree of genetic relationship among Physalis species. The results of UPGMA dendrography and PCoA
plotting were similar, and all Physalis samples were grouped into two clusters. All P. alkekengi var. francheti samples,
distant from any other Physalis species, constituted a separate cluster, which confirmed findings of previous studies. This
study also indicated that SSR markers are rich in genetic information and could be used to assess the genetic diversity of
Physalis species which provides rich useful information for protecting the Physalis germplasm resource and an important
foundation for molecular assisted-breeding programs with Physalis.

Key words Physalis, genetic relationship, SSR markers
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