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( Chenopodiaceae) from different regions
in the Western United States
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Abstract: Grayia spinosa, a species endemic to the Western United States, is mainly distributed in arid and saline ar-
eas and has important ecological value. ITS sequence of G. spinosa collected from Utah State of the United States was
sequenced, and aligned with other sequences from GenBank of this species by Blast. The relationship among G. spinosa

from the West United States were analyzed based on ITS sequences and four related species of Grayia were selected as
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outgroup. ITS sequence variation of G. spinosa and its RNA secondary structure was analyzed in different regions of the
United States. The results showed that the length of ITS sequences ranged from 611 bp to 623 bp and the GC contents
was 60.35%—61.0%. There were 22 variants sites and five parsimony informative sites in the ITS sequences of G. spi-
nosa from different regions in the United States. Genetic distance ranged from 0.001 8 to 0.008 9 between samples, the
correlation was not significant between genetic distances and geographical distances of different samples. The phyloge-
netic tree constructed by Neighbor-joining method indicated that all samples of G. spinosa were clustered together,
forming a distinct branch with the outer group. In addition, the RNA secondary structure of G. spinosa ITS sequence
was predicted by RNA fold online software. The RNA secondary structure of G. spinosa samples were roughly divided
into four types according to the configuration differences, which were named type A, B, C and D. Unlike the primary
structure analysis of G. spinosa ITS sequences, RNA secondary structure did not reflect the more related phylogenetic
relationships between GSNEI and GSWAS8. GSUT3, GSUT4, GSCAS5, GSCA6 and GSCO7 indicated closer phyloge-

netic relationships in the primary structure analysis of ITS sequences, but their RNA secondary structures were signifi-

38 &

cantly different, which was related to the higher conservation of RNA secondary structure.

Key words: Grayia spinosa, ITS sequence variation, secondary structure, Chenopodiaceae
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Table 1  Resources of materials

v

i o e S -
Sample  Species R GenBank Author

code accession
GSNE1  Grayia spinosa Nevada AM849224 Heklau H
GSNE2  G. spinosa Nevada HMO005844  Zacharias EH
GSUT3 6. spinosa Utah HMO005843 Zacharias EH
GSUT4  G. spinosa Utah MG584455 Su, X
GSCAS  G. spinosa California ~ HE577356 Fuentes S
GSCA6  G. spinosa California  HMS587572  Kadereit G
GSCO7 6. spinosa Colorado ~ HMS587571 Kadereit G
GSWA8  G. spinosa Washington  AM849225 Heklau H
GBCO9  G. brandegeei Colorado  HMS587570  Kadereit G

HTU10  Holmbergia tweedii USA HMO005841 Zacharias EH

HTU11  Atriplex joaquinana USA HMO005852 Zacharias EH

CFCA12  Chenopodium California ~ HE577408 Fuentes S

fremontii

T UT 20 B AT it 25 AR A% A o (5 v A DI A 2 B
S3 IR IE 2 E T8 R A W TR SR 3 R 3 A YT Y
NFEE A Holmbergia tweedii 5 Atriplex joaquinana W TA1E#H
AR EMIA  H“U” s USA) o A,

Note : Following analysis will use sample code instead of sample
(There are four letters which represent the initials of generic name,
the species name and the first two letters of the region name, as the
author did not indicate the location of Holmbergia tweedii and

Atriplex joaquinana , “U” means USA). The same below.

2 ik

2.1 E[FZH DNA IR E

Xtk B AN ) G. spinosa 5 FHAE (O g 1
PR R, W I S 8 % S R MR 1Y CTAB 3%
( Doyle, 1987 ) $& B 5L [ 41 &% DNA
2.2 ITS 54 PCR # 1%

P ITS 38514, B ITS1(5'AGA AGT CGT

AAC AAG GTT TCC GTA GC 3') Fl 1TS4 ( 5/ TCC
TCC GCT TAT TGA TAT GC 3') ., PCR KW Bk &
20 wL, Hr PCR Mix(F4AEMAF )10 wL, BT
W51 4 (20 wmol - L) J DNA #EiHR 45 1uL, il
ddH,0 % 20 pL . ¥ IHREF: (1)70 CHAEE 4
min; (2)94 CZZPE 1 min, 1B KR 52 C,iB k1
min; (3)72 CHEMf 1 min, JEIF 35 K ; (4) FREE 72
°C 4 min; (5)4 CHEAF PCR 729,
2.3 PCR =¥l 5NF

PCR =W 7E 28 3 B g W 68 e B Uk EB (1R 4k
CBE) Gt TE AT RGN G , 325 5 0N 4 A 8
HEATIN T (S Sy, 45 SRR AT BAH IR |
2.4 iR 1E

FIH NCBI Hf# Blast #F47 7 41 Lk XT, Jf 32 %
5 G. spinosa 7E % & F T U ASFPAE S A K HE,
JHl DNAstar #5443 7h ) EditSeq 5 1TS 551 K
5 GC &=, § DNAman 158 3 4Z 15 R 844
vegan il Mantel £ 5 . H] Mage6.0 11548 557 55 |
M5 B SO AR M R 5k B M CFIH
1 000K T 5 1 [ J& 7 BT 46 36 45 43 SC i B AR )
FI ] RNAfold ( RNA — 4% 4% ¥ 78 £& il ) 4% 14,
http : //rna. thi. univie. ac. at/ cgi-bin/RNAfold. cgi ) il
M G. spinosa (%) 1TS J¥HI ) RNA 4548 % A
KR/ E RE SR ER, BH0% N BN,

3 &R EA

3.1 PCR =¥ BiXk&ER

FIH 1.5% B RE M UK A PCR 724, 45 1
ULIEL 1, ITS JF40 4540 W5 Wi, 5 DL2000 bp /% DNA
Marker HXF 5 K BE7E 500 ~ 750 bp, 75 & 1TS /751
YA BE Y L
3.2 AEMESR ITS FF kR

Xt 8 A G. spinosa FE i 34T LB & B, BR
GSCA6 [ 1TS J¥ 5 A 58 % (575 bp) 4, AR A
AR XY 7 4 6. spinosa FESH ITS X (445 ITS1 |
5.8S FITS2 J¥41)) K FEEEE -y 611 ~623 bp, KB
Ak 12 bp, HA KRS ITST XK 5 GSNET K
223 bp A HAl ¥y 222 bp, KEFELA K, £
FESL 5.88 XK} 164 bp, {2 GSWAS I T 3
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K1 G spinosa ITS &% PCR %%

Fig. 1 PCR results of G. spinosa ITS sequence
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RHEE G-C Z W] A 554, 67 43 613 S BRSE T i
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Table 2 Length and GC contents of ITS sequences from each sample
ITS ITS1 5.8S 1TS2
TR
Sample code 1) 3 GC K GC K Ge 1) e
Length (bp) (%) Length (bp) (%) Length (bp) (%) Length (bp) (%)
GSNE1 623 60.51 223 62.23 164 54.27 236 63.14
GSNE2 622 60.94 222 62.16 164 54.27 236 63.98
GSUT3 622 60.94 222 62.16 164 54.27 236 63.98
GSUT4 622 61.35 222 63.96 164 54.27 235 63.83
GSCAS 622 61.00 222 63.51 164 54.27 225 63.11
GSCA6 622 60.87 222 63.51 164 54.27 189 63.49
GSCO7 622 60.89 222 63.51 164 53.05 225 63.56
GSWAS 622 60.58 222 62.61 161 53.42 236 63.56
GBCO9 622 61.05 222 63.96 164 54.88 225 62.67
HTU10 622 60.39 222 62.61 164 54.88 235 62.12
HTU11 622 61.96 222 63.93 164 54.88 237 64.98
CFCA12 622 56.70 222 55.86 164 54.88 226 58.85
R 3 AEMEX 84 G. spinosa HGEH ITS BT R4
Table 3 Variant sites of eight G. spinosa ITS sequences from different regions
G 4 B ITS1 5.88 1ms2
Sample
code 79 88 103 111 113 223 248 266 425 448 542 563 590 600 601 613 614 615 616 617 621 622
GSNE1 A R A C T C C G A C G G G G C T G C A A C A
GSNE2 R G G T C C C G C C G G G G C T G C G A C A
GSUT3 R G G C C C C G M C A G G G C T G C G A C A
GSUT4 G G G C C C C G C C G G (0 T G G C G A C A G
GSCAS A G G C C C C G M C G C G G C T - - - - - -
GSCA6 A G G C C (0 C G C T G G - - - - - - - - - -
GSCO7 A G G C C T T G C C G G G C C - - - - - - -
GSWAS G T A C T C C A A C G G G C C T G G G A C A
“ =" RIRBUAE R
Note: “=" indicates the missing base.

X G. spinosa ITS ) RNA — 54T T 10 ( 14

4), ITS1 X 5 1TS2 X 3% A £ I B SRR 4544, 8

A~ G. spinosa TTS JF 31 i) RNA 45 MK E A1 H)

FHARLIR B AR AT U432 43 52 A type A,

B, C Ml D, GSNE1 .GSNE2 5 GSUT3 =# i RNA
SER A AL A type A

RNA 2 25 H9 ¥ S AH LY GSUT4 Fil GSCA6
M type B, ABAIT7E 5.88 X 5 ITS2 X T 2%
5, H GSCA6 M8/ F e AL, #EWl 5 GSCA6
ITS F3I B B4 55, GSCAS 5 GSWAS (type C)
MR S A0 L, 2 2 22 5t B AE ITS1 X, i
FGSWASHI e/ F FH AE S GSCAS 17, A1 I H
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Table 4  Genetic distance among samples from different regions
GSNE1 GSNE2 GSUT3 GSUT4 GSCAS GSCA6 GSCO7  GSWA8  GBCO9 HTU10 HTUI1 CFCAI12
GSNE1
GSNE2 0.005 3
GSUT3 0.0053 0.003 6
GSUT4 0.003 6 0.001 8 0.001 8
GSCAS 0.0053 0.0036 0.0036 0.0018
GSCA6  0.0053 0.0036 0.0036 0.0018 0.0036
GSCO7 0.0071 0.0053 0.0053 0.0036 0.0053 0.0053
GSWA8  0.001 8 0.0071 0.0071 0.0053 0.0071 0.0071 0.0089
GBCO9 0.0107 0.0126 0.0126 0.0108 0.0126 0.0126 0.0144 0.0126
HTU 10 0.036 6 0.0385 0.0385 0.0366 0.0385 0.0385 0.0403 0.0385 0.0328
HTU 11 0.0385 0.036 6 0.0404 0.0385 0.0404 0.0404 0.0422 0.0404 0.0328 0.0577
CFCA12 0.0794 0.0735 0.0775 0.0755 0.0776 0.0774 0.0794 0.0815 0.0757 0.0838 0.086 4
— GSUT3 ‘ GSCA6
LGSCAS GSCO7
51 43
GSCO7 GSCA5
0.01
(,4‘ GSCA6 T 53” GSUT4
GSUT4 ‘ GSUT3
93 62
GSNE2 GSNE2
87 GSNE! 72‘ | GSNEI
87 — GSWAS 57 GSWAS
51 58
— GBCOY ‘ GBCO9
‘ ‘ HTU11 HTU11
‘ HTU10 HTU10
CFCAI2 CFCAI2

K2 BET ITS 780 o0 A ) R e
Fig. 2 Phylogenetic tree based on ITS sequence

GSCA5 % GSWAS () RNA 245 HtaE ., GSCO7
(type D) 7E ITS1 X H 8L T P4 £ I B9 26, H RNA
TR T L) E =24 7R ITST XK T
PAEHIR . BRI S, G. spinosa 1TS J¥31] RNA
TREERAE ITST,ITS2 X L K 5.8S Xy #1125
5o HIR 8 G. spinosa ITS FESL I L E] RNA %
ZERY AR IR I 5 — 2 25 K 1 I AR A TR] , 1EL R R
5 b R A DX TR) A R B — e B A OGP

K3 BET ITS1 4 o Mk i i 2R G
Fig. 3 Phylogenetic tree based on ITS1 sequence

4 T

ITS JF 4 24 TR bl W i 2 & (8] Fh
] R G C R BN AL I EZ 9 Fhnid, # 4
Py ITS XK 3 Ae 42 4% 5.8S tDNA 7EY,
B EE R 600 ~ 700 bp, A FE T 51 43 B 45 R B
7,8 4 G. spinosa ITS JE A K BE{L GSNEL 2h 623
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"1, 2,3 88 A, 454000 GSNEL, GSNE2, GSUT3, #/NH i fig 5514 -273.10,-272.20 Fi1-271.20 kcal - mol™ ; 4, 6. J5H B, 45
E

GSUT4 F1 GSCA6, /)y A HBES> I h—277.70 F11-253.80 keal - mol™; 5, 8. 2570 C, %543 W0 GSCAS F1 GSWAS, F&/) [ i BES> 71

h-271.80 F1-279.40 keal + mol™” 3 7. RKAED, 5N GSCO7, f/NH HBE N -271.90 keal « mol™'
Note: 1,2,3. Type A, codes are GSNE1, GSNE2, GSUT3, the minimum free energy are —273.10,-272.20 and —271.20 kcal - mol™" respectively; 4, 6. Type B,

codes are GSUT4 and GSCA6, the minimum free energy are —277.70 and —253.80 kcal

- mol™ respectively; 5, 8. Type C,codes are GSCAS and GSWAS,

the minimum free energy are —271.80 and —279.40 kcal + mol™ respectively; 7. Type D,code is GSCO7, the minimum free energy is —271.90 keal » mol ™.

&l 4 G. spinosa ITS J¥51 RNA — 4544
Fig. 4 RNA secondary structure of G. spinosa ITS sequence
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bp, AR K 622 bp, FF 68 F MY ITS JFHIHK B
AL, G. spinosa 1TS1 X JF 9 BE LS, BR
GSNEI1 24 223 bp 4b, HAH R 222 bp, ITS 731K
Y E AR BAE 1TS2 X, Z80FE i 5.8S X
JE ok 164 bp, fH J& GSWA8 & 161 bp, Baldwin
(1992) Fe X T HI Y ITS 2 0 4B L X A B o 26
B B THE 5.8 S [P 41 — K AR TE 163 ~ 164 bp
Z ), 27 BT A A B O A T AR P R AR 2 A
(AR E A R BB TR 5.8S X ITS J7 41
MITS BER) , 6. spinosa 1TS 75 A 45 22 4-AF
S S UL ITS R HNFE G. spinosa R E LR
SMT IR RERS IR AL RS YRR . 5.8S X B MR ST,
TCIRT 25 AL s AR S > I ITS JP 4 AR 53
N RE, G. spinosa 3545 22 DR SR A X AR
S S EEARAE T ITS2 X, 407 14 78 A A
7 IS S S B 63.63% ,1TST XAV A 5 728 S
1 85.,5.8S K MARSF, & 3 MRS, L4
SRS A LA ITS1 XM R 5 & B W IEA
Rt it 2 s (5 B, JH R A AR A 35 (1999) i i
XPAS R AE W2 HE R 1TS 74 A LL A5 i . B Al
KZEFE ITS J7 5 (0 Fple] 252 S {E R 1.2% ~
10.2% , ¥4 BI45 (2003 ) A4 455 (2007 ) 76 1TS
FP 51 3 590 XoF 8 AR R VG 20 46 1E O i A 28 58 R I
ITS P50 Fh N 22 M8/ T 1%, % WF5E 04 5 A4 Hb
X 8 4~ G. spinosa Ff i 7E ITS X BB JE 22 55l
3.53 %, RIMM B R MEAL 040, [FAE 7EXT R —
HiIX Y G. spinosa ¥ &b R G K& E 43 B b A% H 40 A
TENMEIKEY GSNEL 5 GSNE2 AN GSUT3 5
GSUT4 VL J 43 A A6 70 F) 4% F W 1) GSCAS 5
GSCA6 , A H. [a] 1 38t 1% I 2 Bk GSUT3 5 GSUT4
b, HA IR RN, RASBIZEMENRE R T
B, s R —HB X 1) GSNE1 5 GSNE2 1 ok B 7E
—, X5 S B I Mantel £ 55 (1) 45
RHYE

H1 T RNA 90450 b — S 25 0 o HLAR <P 1
DRI I AT DA o 9 5 ) sz e — 20 235 4 T B AN A
A5 B, ZFR X 8 4~ G. spinosa FE i B ITS
JPH RNA &5 3007 T A, R R E 2 5
PRAE ITST XA ITS2 X, iX 5 ITS J¥ 51 — G454
Mrep T A A8 7 T ITST X AT ITS2 X Ay 45 18

MH—3, B2, AR ENZ A% EY T ITS1
X RNA 9 45 4 2 A7 388 /5 08 SF 7% ( Musters et
al,1990) , Jf H 3"¥i it & 7E ITS J¥ 5 — R 45 # ik
JEH RNA R &5 R R L 57 o B8 AR <F o T AE 3R
B BFFE TP Xt 8 A~ G. spinosa 5 A9 ITS 751 RNA
B LB & B GSUT4 5 GSCA6 11
ITS2 [X ) RNA 904549 5 HAh 6 /A 5 K1Y
AR, 8 ITS1 X RNA R 450 o Ry f 57, X 5
ITS2 X AEHE AL H T 32 B BE B8 e 13 s A O . %t
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