+114 - ¢ %% Chinese Traditional and Herbal Drugs 38 47 % 25 1 3] 201641 A

ET DNA FHBMEERFAETRERMURT

R B gk, 2eE D, AR AkE Y
L WHEARMKS Ry, WL % 311300
2. WA A AP 7 65 TSR S B, 3L Wi 311300

H OE:. BRY Sk TEIRIESX I IER R R YR F % A B IX. (internal transcribed spacer, 1TS) I trnH-psbA & [K] [ 7 [X.

JPHVAT REUR B 00T, IR ZE IR A4 BRI A s PPN R AR R S at . A% TGS Y. (polymerase chain

reaction, PCR) [J57A4 B E4% ITS X Al trnH-psbA ) DNA J¥41, 53 EE R AEWHARE S0 (NCBD B 2T

XF3RE ITS1-+1TS2 Al trnH-psbA 1] DNA /751, HATEE (Neighbor joining, NJ) Flig K{#j£7% (maximum parsimony, MP)

ME RS R E M, H Kimura two-parameter (K2-P) #8173 iz A& 8 25, HI Clustal X Fl DNAman #AF#E7 2 FHX . 45 17
A TEZERER ITST P HIK 340 230 bp,  ITS2 JP4IKE 154 206 bp, trnH-psbA JT41K )&y 446 bp 5% 447 bp, 3 NTFHI4)

FAETE T AN 2 DRI 3 AN AT 8T e R G BIJ7F T ERZEM TR AR N 3 AN, ISR 5 L b i A e A e — 8

HRAH R o kﬁ?ﬁﬁl‘iﬁ )3 B 45 R 7Rk BT AR M RO B 5ok B G SRIAT AL S b R S AF AR B R IR AL R S . 4518 RSEK

BRI AL RS AT R I_UE SRR IRAR A AT S, DSl 25 08 U R TE P TR SR 1L T B R, A8 e mU IR A0 AT i v

I A A BT YR 1) 5

KEEIR: K ITS; trnH-psbA; RYGRE; wEHE

PESES: R282.12 XERFRERS: A XEHRS: 0253 -26702016)01 - 0114 - 08

DOI: 10.7501/j.1ssn.0253-2670.2016.01.018

Phylogenetic and mutation point analysis of DNA barcoding sequences in
Solanum nigrum

GAO Fei"? LI Tong-tong', TANG Ling-ping', WANG Xiang-jun"?, LIN Li-yan', QIAN Yong-chang'"*
1. Department of Traditional Chinese Medicine, Zhejiang A&F University, Lin’an 311300, China
2. The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Lin’an 311300, China

Abstract: Objective In this study, phylogenetic analysis was used to compare the ITSs and trnH-psbA sequences of 17 Solanum
nigrum samples, providing the theoretic foundation to utilize their resources and evaluate their genuineness. Methods PCR method
was used to amplify the region of ITS and trnH-psbA, and the seqeucens of ITS1 + ITS2 and trnH-psbA were obtained after the
amplified fragment sequences were blasted in NCBI database. The Neighbor joining (NJ) and maximum parsimony (MP) method were
used to construct phylogenetic trees and Kimura two-parameter (K2-P) model was used to calculate the genetic distance of different
samples. Clustal X and DNAman softwares were applied for multi-alignment of ITS1, ITS2, and trnH-psbA sequences from different
samples. Results The lengths of ITS1 and ITS2 sequences from 17 samples were 230 and 206 bp, respectively, and trnH-psbA
sequences were 446 or 447 bp. ITS1, ITS2, and trnH-psbA had seven, two, and three mutation points, respectively. These 17 samples
were clustered to three latitude-dependent groups based on both ITS1 + ITS2 and trnH-psbA sequences. Conclusion Phylogenetic and
mutation point analysis will provide the theoretic foundation to utilize the resources of Chinese S. nigrum, investigate their evolution,
and evaluate their genuineness. The results of mutation point will also be used in the identification of related S. nigrum resources.
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Table 1 Collected S. nigrum samples and their informations

G5 KRR KA i WHR/m
1 HLI-HEB  EJBVIHG /R N 45°26' 110.42
2 BJ-HD Je Rt EX N 40°15"  32.12
3 HeB-BD JlbffsE N 39°31'  20.05
4 HeB-XT L& N 37°11'  19.55
5 HeN-ZK  JMEg/EM N 36°28" 27.33
6 HeN-PDS  Ji[ g T-T0i 1L N 33°35"  45.20
7 HuN-SY  HIFg 4l N27°14' 2481
8 ZIJ-HZ W BN N 30°27" 33.74
9 ZJ-JH Wi &1 N 29°06'  40.09

10 ZJ-WZ WAL N 27°20" 24.48

11 JX-YT VLV N 28°15" 37.82

12 JX-GZ TLPH M N 25°07" 41.06

13 FI-XM fREEE) N 24°27"  19.52

14 GX-YL JUPRHR EVAX AR N 22044’ 88.36

15 GD-GZ Il N23°11"  34.51

16 GD-MZ | &AM N 23°23' 27.38

17 HaN-DZ i N 19°11"  25.39

1.3 = DNA 2Bl PCR # 18

MM R CTAB V70 A3 EL 17 DN IeZEREmn )
FEIAIZH DNA,  FEH 1% Bt b 8 i b koS U 2 He
FIFE 4] DNA (. ] PCR 7 VA #3554
41 DNA HAHMN (1) DNA 45609 v B, b ITS 751
$714 28 S tDNA #4375 42 18 S tDNA #1437 51/ ()
J B HAR A ITS1T R ITS2 MK )P4, i
trnH-psbA J7 5114 31 trnH & PRIE 70 v Bt 22 psbA 4]
Ay B RS, 404 trnH-psbA 1] X 14 K541
YT EI Y50 R SnITS-F: 5°-TCGTAAC-
AAGGTTTCCGTAGGTGA-3; SnITS-R: 5’-GCGG-
TCGGAGCGCCTAA-3’; SntrnH-psbA-F: 5°-ACTG-
CCTTGATCCACTTGGC-3’; SntrnH-psbA-R: 5-A-
TAACTTCCCTCTAGACCTAGCTGC-3’.

Jf SnITS-F . SnITS-R ) & % JF ¥ .
KC540794; SntrnH-psbA-F. SntrnH-psbA-R 15 %
FF51: KT223790.

P28 TaKaRa Taq'~ DNA 58295 B 5 1 )
S NAK FR o ITS AR PCR 33 5 W 46414 95 °C.
3min; 95 C. 20s, 62.5 ‘C. 20s, 72 ‘C. 1 min,
35 AMEH: 72 °C. 3 min. trnH-psbA F41#) PCR
B N4 95 °CL 3 min; 95 'C.20s, 57 C.
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JEHHAT AT, BB 17 AN e SR 5L 0 TTS1 551
174 230 bp, ITS2 5134 206 bp. Xf - trnH-psbA
FEH, KB R RVLRG /REEFIIE RORE SR 6 ANFE

A Maker 1 23 45 67 8 9 10111213 141516 17

900 bp
800 bp
700 bp

1000 bp
400 bp
200 bp

1 17D EZEHAERITS (A) K trnH-psbA (B) &K
Fig.1 ITS (A) and trnH-psbA (B) amplified fragment of 17

samples of S. nigrum
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£2 1T ANEEHTHITS 0 trnH-psbA FFKEFRENE S %
Table 2 Length and base pair frequency in ITS and trnH-psbA sequences from 17 samples of S. nigrum
oy ITS1 ITS2 trnH-psbA
I
K& /bp (G+C)/% K& /bp (G+C)/% K J&/bp (G+C)/%
1 230 66.52 206 66.50 447 27.29
2 230 66.52 206 66.50 447 27.29
3 230 66.52 206 66.50 447 27.29
4 230 66.52 206 66.50 447 27.29
5 230 66.52 206 66.50 447 27.29
6 230 66.52 206 66.50 447 27.29
7 230 66.52 206 67.48 446 27.35
8 230 66.52 206 67.48 446 27.35
9 230 66.52 206 67.48 446 27.35
10 230 66.52 206 67.48 446 27.35
11 230 66.52 206 67.48 446 27.35
12 230 66.52 206 67.48 446 27.35
13 230 66.52 206 67.48 446 27.35
14 230 66.52 206 67.48 446 27.35
15 230 66.09 206 67.48 446 27.35
16 230 66.09 206 67.48 446 27.35
17 230 65.65 206 67.48 446 27.35
ITS1+ITS2 trnH-psbA
------------- HLJ-HEB mmmmmnmm---- | GDMZ
............ HeB-8D ,—| 6D-GZ
............ HeB-XT S I (TN 72
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------ 2z
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e s e ZHH
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’ eeeee GD-MZ / \
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0.01

& 2

P
0.05

ETF ITS1+ITS2 #0 trnH-pshbA FHHEZEMER R REREFE L EH

S. lycopersicum

Fig. 2 Phylogenetic trees of seed resources for Chinese S. nigrum based on ITS and trnH-psbA sequences
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R3 1T A BERARM ITS ATS1+HITS2) FHIH K2-P HELREES
Table 3 K2-P model genetic distances of ITS sequences among 17 samples of S. nigrum

i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.000
2 0.000 0.000
3 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
6  0.000 0.000 0.000 0.000 0.000 0.000
7 0.004 0.004 0.004 0.004 0.004 0.004 0.000
8 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000
9 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000
10 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000 0.000
11 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000 0.000 0.000
12 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000
13 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 0.011 0.011 0.011 0.011 0.011 0.011 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.000
16 0.016 0.016 0.016 0.016 0.016 0.016 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.005 0.000
17 0.013 0.013 0.013 0.013 0.013 0.013 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.002 0.004 0.000
R4 17T NEEHAKH trnH-psbA FFI8 K2-P EIREIEE
Table 4 K2-P model genetic distances of trnH sequences among 17 samples of S. nigrum
s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 0.000
2 0.000 0.000
3 0.000 0.000 0.000
4 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000
6 0.000 0.000 0.000 0.000 0.000 0.000
7 0.002 0.002 0.002 0.002 0.002 0.002 0.000
8 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000
9 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000
10 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.000
11 0.002 0.002 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.000
12 0.002 0.002 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000
13 0.002 0.002 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000
16  0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000
17 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.000
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07 AL I BRIEAR S  ITS2 X BUAFAE 2 MBS A
PR TRIZIE BL KT ITS2 X B AR 5 1 2 A AR L
BUN WITLEHAE 9 AMFEsh S TR R 2 1), 2 AR

EE@{EJ@—\%\%U%EET “Cv _ «A” %n «C” _ “T” Z

() FRIBCEE HAf o tnH-psbA P81 T 3 ANMRRAL AT,
Forh s 1 AR NS 3 MRS 14
AFERLZ I “A” - “T” BRI, 55 2 FEs 3 A
BPRAEARRERAE N T ARMENEE 11 MRS SR
VE TR A 6 NRERRZIE], a3l “GT - 4T
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ITS-1
JX-GZ 164
HeN-PDS 164
JX-YT 164
FJ-XM 164
GX-YL 164
HeN-ZK 164
7wy 64
HuN-SY {23
ZJ-JH 164
ZJ-HZ 164
HeB-XT 164
HeB-BD 164
HLJ-HEB

-GZ 164

GD-MZ 164
HaN-DZ 164
Consensus gc

ITS-2
GD-GZ 99
GD-MZ 99
JX-YT 99
ZJ-WZ 99
HuN-SY 99
ZJ-JH 99
GD-GZ 99
HaN-DZ 99
ZJ-HZ 99
HLJ-HEB 99
HeB-BD 99
HeB-XT 99
BJ-HD 99
HeN-ZK 99
FJ-XM 99
GX-YL 99
HeN-PDS TA 99
Consensus atcgcgtcgcccceccg acgccgcaaggcgtcecgtggggecggatactggectececcgtgegectecgageteg ggctggecctaaatgecgagtccacgtcega

trnH-psbA
HaN-DZ 250
GD-MZ 250
GD-GZ 250
FJ- XM 250
ZJ-HZ 250
HuN-SY 250
ZJ-WZ 250
ZJ-JH 250
GX-YL 250
JX-GZ 250
JX-YT 250
BJ-HD 250
HeN-ZK 250
HLJ-HEB 250
HeB-BD 250
HeN-PDS 250
HeB-XT 250
HaN-DZ 348
GD-MZ 348
GD-GZ 348
FJ- XM 348
ZJ-HZ 348
HuN-SY 348
ZJ-WZ 348
ZJ-JH 348
GX-YL 348
IX-GZ 348
JIX-YT 348
BJ-HD 348
HeN-ZK 348
HLJ-HEB 348
HeB-BD 348
HeN-PDS 348
HeB-XT 348

Consensus caatcatgaataaatgcaggcaaataccctctccttctttttctataatgtaaacaaaaaagtctatgtcagtaaaatactaggaaattaataaa aaa

3 17 MRZMFARE ITS #1 trnH-psbA FHZ ELLIER

Fig. 3 Multi-alignment of ITS and trnH-psbA sequences from 17 samples of S. nigrum
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TEVEAEI 2T, 55T, DNA & B A
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Sk F B A R R AL Hedb S X RV, Tt
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ARAEHLX (I, IR YOV MR, E5
ELFETTE . AR AR D P B R AR B A
R (T 7R, Wgrd) MIREIR, DRIURHEd e 2%
PRI RGER B EA — 8 BIHgE . X —45 21
2 T AR PRI AN (7] 43 2 AU 00) 2% v e i i )
BEANFSASATERE" . AT 45 R oA
PR e 25 Rl SO RO T ERS R, AR TR
PSR A BRI A

A GRS AN [ b 5 e 2% 5% 5 DNA 2% JE A (1)
BRI TR AL FE B I A BT oK, TR — SR HE
ANTF SRR R AR 2 ) 384 22 RN, HERFEAZ
() WA et 75 5, U0 [R]— 2R T 1R 8 5 RF AR B o
oy —3 . AW 4 MM ITS1 + 1TS2 Al
trnH-psbA 2 > DNA 4% JE RS 0} H 15 e 2% P8 Y idE AT
BRI, SR ERERLFANL, ULy
LHEA BTSN WX 2 > DNA &5
G5 RBAT T, KB ITS1HITS2 % 28 %5 Y5 (1)
SYBTEE E, AIResE T AL trnH-psbA, JE¥%
(19 ITS J7 4404 S P () b Anade %, PRtk my DL B
it 1) S W 25 (R E AR 25 &5 SR U0 HH ITS1+1TS2
3G A R IEAT L RS .

AHFFORIN, A [FIHL X RSB TS JPH1
AR e A W B AR . L ITS2 Sl 17 A
JEZERE S AR S R AEAE 2 A, HURAELET 7R
WiVl IR VLGSR s S b, Jbat,
MR A A R ) o 6T ITST, WA HEZ
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