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ol T 6 U g A PR AR IF R ISSR 4 F A id i 17 st 4%
S AT, O O S A M DX RT T A Y
HAEMB I RS RY RELZN N HEE RS E
b Ak B AR

1 #eFAE*E
1.1 KEer

PR MR 31 03, P B 2 15 2 75 i
IR A B 2 BiE E R 5 e R BF S T AR A, LQ—
223 N E LA, CHLI—006 ,CHLI—913 i i [{ Bl 2%
Bt 43— A8 PR A o R 7 v B L
1.2 5 HhiE R &K 08 i 1t

I T 2021 4R 76 B A I 2 M AR & % A IR B
7o RAMALX A, /MNXHEF 1 mX3m,3KHEH
S NXIARE 1 m, ATZEAEY N B 5 0 20214F 5 H 20
H 3G Fh o 47 B0 4 i E A7 VR BT S — R M il A BE A2
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Table 1 Overview of 31 quinoa materials

ErRE o g PRI R
1 LQ—078
2 LQ —149
3 LQ —148
4 LQ —159
5 LQ —169
6 LQ —173
7 LQ —175
8 LQ —127
9 LQ —119
10 LQ —118
11 LQ —109
12 LQ —047
13 LQ —029
14 LQ —063 & Al B2 B
15 e %e 75 & 5 gt k0l
16 LQ —020 i
17 LQ —016
18 LQ —012
19 LQ —082
20 LQ —086
21 LQ —105
22 LQ —182
23 LQ —241
24 LQ —257
25 LQ —279
26 LQ —223
27 LQ —266
28 LQ —297
29 p2e 15
30 CHLI—006 b RL £ BE 4 T AR
31 CHILI—013 /L R TR ERTIN

525 em , 47#3 30 ecm. AEF B AL ASHEK, H (A
P 5 [R) K

1.3 MEDB R *

1.3.1 wE34rL5 FE 202149 A 7644 4b 5 e
BEMLE IO bR B A2 % oA B0 bk 25 2 B
0, BB 7 S R A G T R GE S BT o I SR ik T ff B
& FHTHE — g ot A R RS O bR i
—80 CUKFI TR AEH H -

1.3.2 #EARADNARR XHAMYERA
DNA 2 Hk 7] & (TIANGEN, DP305) & B3 3 it Fr
DNA. H 1% 0 35t g Bl 58 e v k& T DNA J5 2t 3
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Table 2 Soil nutrient of the test site

ML/ WA/ AR A 2R/ 2T/ i/ o
-1 -1 —1 —1 pHﬁ 1 1 . oK/ %

(grkg')  (mgkg ') (mgkg ') (mgkg ') (gkg™) (gkg ") (gkg ")

8. 08+ 141+ 9.2+ 28.8+ 8.7+ 0.071+
Qb PR - FE 0.4140.008 1.13+0.017 3.2040.018

0. 044 0.087 0.052 0. 66 0. 005 0.018
Ik ¥ Jise R UK P 7 36 1 A% TR BT BT A A AR 1 DN L

2 ZERESW

T —20°CURFE R TE -

M

DNA
2000 bp

1000 bp
750 bp

500 bp
250 bp

100 bp

B 1 #B% DNA g 45 B ik il ) 25 32

Fig.1 Results of partial DNA agarose gel electrophoresis
1.3.3 ISSR—PCR A & 4k % #= ISSR 3| 4 49 7 i&
AR P 23l 20 | Y T 0 X R A ) R AT
ISSRY™ G Wy Serh 51 Wy A7 0k , 51 i I AE T
Bo PCRAK RN JH S5 ML PRy P B R (3%
3) . R U 2.0% 09 35N W B ke B Uk A2 PCR 7729, LA
2 000 bp Marker( RARAEfLEHL ) S MR B 90 V, HL
i 80 mA , B ¥k 1 h, 20 min, AT680 1k 2 & 6 i A% A% ¢
168 A% 2 GEdh BRARAT

£ 3 PCRyHEZR
Table 3 PCR amplification system

PCR [ W 4 &

AL 1 94 °C 5 min
Gl e 94 °C 30s
iRk 50~60 C 30's
3 fif 72°C 1 min

LA 72°C 10 min
1RAF 4°C co

1.4 HEZITHH

% H Microsoft Excel 2010, SPSS 22. 0 X 4% 25 1E
AR AT B A 5 03B, B UK SR R A AR i Ig A
17 B A YICPE 0T, A0 S T IR E Tk L A5 3
ISSR & A48 56 1% , 2 Fl NTSYS 2.1, POPGENE
32 My A RAERPIRIE

2.1 AEAFEZMERMREERSHT

Xt 31 45y B 2 Fh 1 5 A MR BEAT A AT (R 4) LR
IFil 22 22 Ff 50 A4 RH 00 Bk o ZEOHL CBE T LE ZE 0T L SRR
PR A W] 22 5 (P<C0.05) o Fk A Ak R R
108.7~217.67 cm, F-3{E K 178. 75+2. 67 cm, A48 57
FBCR 14410, Hoh Fe/ME 8 LQ—109 (108. 70+
4.20 cm) , i K CHLI—006 (217.67+13.78
cm), CHLI—006 5 LQ—109.LQ—016 2 5 i & (P
<<0.05) . ZEHL A AL iR 14. 40~23. 08 mm 2 [i] , F
J{E 17.87+0. 30 mm, 48 5 R E K 16.23%, Hop i
/MBS LQ—109(14. 40+0. 32 mm) , fe K AH Ky Bz 22 1
5 23.08+2.20 mm; fEE 15 LQ—158.L.Q—0861
KF20mm,EE 15 LQ—1595LQ—109 % 5F B &
(P<<0.05) ., f# T 7 2.19~4. 85, F¥{l N 3. 55+
0.09, 78 5 R ¥ K 23.94% , Hivh B KA B LQ—223
(4.85+0.39) , fix /MH F LQ—119 (2.1940.06) ,
LQ—223 5LQ— 11925 3 (P<<0.05), &Lk
P U] 25 5 2Kt U AE 1. 57~6. 53 22 06, F M N
2.69+0. 42, % ZHR 70. 26% , P KM A 1LQ—
119(6.53+£2.03) , fie/MHE K LQ—223(1.57£0.13) .
PR AR 0. 30~1. 36, F¥IME M (0. 72£0. 03) kg, A8
S F BN 40.28% , Hop e RME N LQ—266 (1. 36 £
0. 2)kg, Fe/ME I LQ—016(0. 30+0. 01)kg, LQ—266
H51LQ—016.LQ—118 2% 5% 3 (P<<0.05).
2.2 FEERZMHRBXMEST

ARKF LR S AR MR R 2 2 B
(P<<0.05) 8 M . % (P<<0. 01) MK (3£ 5) . Hidkkw
CESN SRy 3T N (PS8 ash g
TEAH DG, ZEHL 5 Bpk ™ i S AR 0 S AR OGS 6T
R EIEML, 8 TS RKTE 2R EEM
K(FES5),
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Table 4 Agronomic traits evaluation of 31 quinoa cultivars

U5 i /cm M /mm fif L 25N bk 4t /kg
P15 198. 67418, 44 23.0842. 20° 3. 6540, 19 2.3140. 25° 0.8940. 05
B2 75 163. 0345, 65 17.8140.73* 2.8740. 20™% 2.5340. 74° 0.56=0. 05"

CHLI—006 217.67+13.78° 19.96+2. 00" 4.33+0. 13 2.18+0. 25° 0.93-+0. 13"

CHLI—013 173. 8745, 32 18.05+2. 26™ 3.834+0. 16 2.12+0. 36° 0.67+0. 11"
LQ—012 202.67+5. 61 18.99+2.19" 4.684+0. 20" 1.6040.17° 0.63740. 14"
LQ—016 122.80+2. 25 15.71+1. 58" 2.28-+0.11% 2.64+0.70° 0.30+0.0lc
LQ—020 183. 80+ 5. 93Vt 17.2740. 70 3.2940. 17"k 3.19+. 056 0.67-+0. 12"
LQ—029 210.47+6.52% 19.11+1. 70" 4. 1540, 17 1.984-0.12° 0.7040. 17"
LQ—047 184. 5346, 01l 17.68-+0. 60" 4.024+0. 180 1.6440.22° 0.90=+0. 23
LQ—063 192. 6343, 68l 16.59+1. 35" 3.6140. 14t 1.6440. 55° 0.70-0. 11"
LQ—078 160. 2343, 20" 16.69-+3. 08" 3. 3440, 07"t 2.04+0. 33 0.7540. 24"
LQ—082 185. 604 5. 35l 17.88=+1. 53" 3. 2740, 07 2.68+0. 39° 0.51-40. 05"
LQ—086 198.8049. 90" 20.25+0. 87" 3. 350, 07"t 1.7640. 32" 0.99-40. 13"
LQ—105 186. 534 1. 0geele 18.54+0. 32% 2.9140. 14%% 2.17+0.13° 0.65740. 04"
LQ—109 108. 7044 20 14.404+0. 32" 2.360. 05% 3.5140. 50° 0.4840. 06"
LQ—118 143.37+7.65" 15.16+1.09® 2.26-+0.09% 3.55+0. 93 0.3340.0%
LQ—119 167.30=41. 57t 17.7141.63" 2.19+0. 06¢ 6.53+2.03° 0.38-0.08"
LQ—127 194. 5042, 8geie 17.45+0. 53" 2.7240. 07 2.48+0. 04° 0.5340.03"
LQ—148 181. 5743, 10" 18.31+0.19" 3. 3540, 13t 2.18+0.09° 0.66-+0. 06"
LQ—149 185. 004 7. 09hecle 16.21+1. 30" 4.64+1.19% 5.87+4.07° 0.63-0.09"
LQ—159 181. 9370, 28"t 22.534-0.53° 4.5740. 38" 1.7140. 29° 1.0540. 03"
LQ—169 207. 17+8. 39" 19.99+1.00® 3. 8140, 24 2.33+0.12° 0.85-+0. 13
LQ—173 206. 10 10. 44" 17.56+1.62" 4.2540. 08" 5.20+2.70° 0.9140. 22
LQ—175 185. 33746 767k 15.44+1.02% 3. 4740, 18"cl 3.41+1.10° 0.4740.09"
LQ—182 192. 8743, 5ol 19.924+1. 16" 4.2040. 07 2.57+0.22° 1.0340. 19"
LQ—223 176. 672, 400k 16.17-+0. 81" 4.854+0. 39° 1.5740.13° 0.67-+0. 12"
LQ—241 165. 0046 661" 18.32+2. 33" 4. 2040, 31" 2.03+0.19° 0.8340. 20"
LQ—257 162. 404 3. 86 15.93+1.16™ 3. 2140, 22 2.79+0. 25° 0.7340.08"
LQ—266 169. 00+ 3. 5%t 19.86+1.77" 3.02+0.03%% 2.45+0. 23° 1.3640.21°
LQ—279 153. 0042, 521 16.12+1.18" 4.2040. 19" 2.02+0. 21° 0.9740. 12"
LQ—297 180. 00+ 3. 06" < 15.1940. 80" 3.2140. 21" 2.7640.43° 0.58=0. 06"
S5 {E 178.75+16. 02 17.87+1.8 3.55+0.54 2.6940.42 0.7240.18

R Y 14. 41 16. 23 23.94 70. 26 40. 28

T2« [A) 5 A [) 0 37 b 3L ) 22 57 1 3 (P<<0. 05) ¢
£S5 BEERMARMERKEAEXESF

Table 5 Correlation analysis between different traits of quinoa varieties

FRES /em 22 /mm i+ L EJNEd PR P kg
PR /em 1
ZEH/mm 0.586™ 1
fif + L 0.567" 0. 355" 1
ENIREA —0. 144 —0.310 —0.272 1
PRRE kg 0.396 0.630™ 0.518™ —0.347 1
HoUEEF B E(P<0.05) ;=UEEFHEFH(P<0.01),
2.3 ZEZEFAEADNAREMAEERN Dagonm/ Dagonm T F 1. 8~2. 0, TR ILE) DNA Ji & 3 4,

FI 106 BeC0 O 68 I PR UG I B DNA S5 2R R W, SRR 39 2) B 2 G g, JC DNA RS
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2.4 HiXFTEEFFISSR-PCRIEER

4 7 15 3R A5 Y 8 4% ISSR 5 #9431k 47 PCR ™ 1
ST (FH Ay 310y 32 2 A DNA) , L P18 1 63 4~ 4%
WOHBh R ELAW S A, MR EESEN

87.30% . BI#¥ UBC816 . UBCS868 % & ¥ 44 ey yik [ 1¥%
SN E 2—3 PR o 514 UBC816 §3 1 ok (1 2 22
B2 R Bk B AR i AE 250~2 000 bps 51 W)
UBCS855 4 1 A BE K B 2 4E TP 7E 100~1 000 bp.

#6 ISSRE|MITEERRESEN
Table 6 Amplification results and polymorphism of ISSR primers used in this study

719 751 (5'—3") B KRE/C 1 Sl E2 i ZEMEE AR %
UBC810 (GA)8T 51 8 8 100. 00
UBCS812 (GA)8A 54 8 8 100. 00
UBCS816 (CA)8T 51 10 6 60. 00
UBC843 (CT)8RA 51 6 5 83.33
UBC846 (CA)8RT 54 6 5 83.33
UBC848 (CA)8RG 53 7 7 100. 00
UBCS855 (AC)8YT 51 9 9 100. 00
UBCS868 (GAA)6 ol 9 7 77.78

Bt 63 55 87.30

M Bl BE7 06 12 13 16 20 29 47 63 78 82 86 105 109 118 119 127 148 149 159 169 173 175 182 223 241 257 266 279 297
2000 bp
1000 bp
750 bp
500 bp ‘H'-"'-‘--:----
250 bp i
100 bp
2 5|#UBC816HJISSR# LR
Fig. 2 ISSR amplification results of primer UBC816
M Bl BE7 06 12 13 16 20 29 47 63 78 82 86 105 109 118 119 127 148 149 159 169 173 175 182 223 241 257 266 279 297
2000 bp
1000 bp
750bp Bl ol e e b g e :
SOObp . -_l:l:.lpiu-,, b w 5 B A e b (=
= SO 0 PN P R B S R e ol e B ST e e T ey L =]
250])[) - - - T T TE ] PR ]
100 bp S S S

3 S|¥UBCSSSHIISSRF LR
Fig.3 ISSR amplification results of primer UBC855

2.4 EEMMRZEINEGEESFEDHT
3147y B A ol Joi ¢ DL ) 1) 38 A AL R B (GS) 22k

JEHI A 0.460 3~0.936 5(F7), kLML . %
7 PR BU(N,) N 1,873 0420. 335 654 5 25 o 5 K 5

(N,)H1.451 5+0.336 1; Nei’ s 5K ZFE M85 (H)
H0.273 140.169 8; F A5 B E (D) N 0.417 4+
0.230 1, A 38 Bk i, 31 0y Fh R W% U8 8 4% 22 kE 14

e
» =
WE .
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Table 7 Genetic diversity of 31 quinoa germplasm resources
Fr S E(N,) ARG SEEE(N,) Nei’s F: P ZHME 48 50 (H) AT B AR E(D

1.8730+0.3356 1.4515+0.3361

0.273140.169 8 0.417440.2301

Xt 31 B M R IR 240 E e EAR AT B —
PR BER 22 8] 0 A e B (R 8) , 25 (0 ) 8 15 2 RETE 4R
BN 0.286 5, LAgk a5 Fb il B, b 51,61 % 400

ede b, N 6.45% ., B L Z AR BN
0.2765, LLat gt ta 5 L 5] 5 , b 38. 72% 5 £ (0 41
gt by /b, 8 12.90% .

x8 JMEEMRAFRZE HEERURNEESHEESN

Table 8 Genetic diversity analysis of two qualitative traits in 31 quinoa germplasm resources

. \ " Wi Z 4y A/ Y
PR Nei’s 3 H Z R 50(H)
1 2 3 4
ey 0. 2865 0 6.45 12.91 29.03 51.61
o, 0.2765 12.90 12.90 19. 35 38.72 16.13

22O MO, 2 N0, 3 NGO 4 NG E O 0N, 1 NAEEA, 2. B0, 3N mEE 4 NH A,

2.5 BEMRZEMERSN

MR 8 J% ISSR 51 W4 1 45 5 i i ge i,
NTSYS*F 31 43 F 32 b4k 14 38 4% 16 8 JEA TSR SR 2K
OIRT (I 4) . 25 W, 31 4y 3 5 Tl ST b R 22 ] 1 3t
LR B R 0. 63~0. 94 H: v ist 4% A1 B 0 5 1Y
J& CHLI—12 fil LQ—029, i#t f& #H &l & %k 0. 936 5,
i I 3 WS FE S R Y SE ok R . YL
LRHCH 0. 630, 314y b RFAT IRy 24> HE 28 1 6
S 4 5 29 3 Fh O BEUR L A 2 28 B AU 4 LQ—020
LQ—082L 2R BTt I . 28 R 2Emt iR K, 1
R R B LQ— 020 A LQ— 082 5 H A i a]
115 56 R A, H Ay 29 0 B 5 18] 38 1% BE B /DN A%
FEABLBE 45 i, SR 4% 6 R . TE G ML R BUH
0. 72 1, AT K 29 (73 Ff 57 0% 5 40 B 4 KW 2K HE L5 1K
WALHE P15 MBERE 75 2 2 C R F Al X
— T 35 ZEALE F KL T BN, BLIS SR oh ObE

BHOER4) 58 2 K2R HE : CHLI—012,1L.Q—029,
LQ—047.LQ—063.LQ—078,.LQ—013.LQ—118.
LQ—159.LQ—169. LQ—127.LQ—148. LQ—119,
LQ—149.LQ—016..Q—105.LQ—109 3 16 4> F i
MAAE AR A o 1 B /D | ZEHLEE o B2 2 5 YRR AR
JE B0 ZS AL A R T 4R s B AR R O X — 2%
TR T E — 2 0 3 SR P BIAR b AL, B 6 ROk R | rh
FEORE BB R 5 58 3 KW A0 4% : CHLI—006 . L.Q—
086 H: 2 4Bl 5T B I8, A< R AR o L SRR B AR K, 2R
e/ A 45 R BOR R i BORE R 5 5 4 R 2R A 4
LQ—173.LQ—175.LQ—182. LQ—223. LQ— 241,
LQ—257.LQ—279.L.Q—266.L.Q—297 3k 9 /> Fit i
PR, LQ—223 WL ALEE ARG T IR R, 25
{EHH /I Z2 800 T B RL D B0 LR R | i A
Bho 55 4 KW 2] AR Oy F WP S 0 A R AT
®H .

K9 RBERSERZMAMEERZHERG T

Table 9 Statistics of major agronomic traits in five groups of quinoa accessions

T B R P 5 B /em 241 /mm fif T 1t e FLBR kg
I 2 180. 85 20.45 3.25 2.42 0.73
11 16 175. 20 17.70 3.42 2.75 0. 64
11 2 208. 24 20. 11 3.84 2.14 0.96
v 9 176.71 17.17 3.85 2.76 0.84
\ 2 184.70 17.58 3.30 2.94 0.59

VEAEIRREAEE L I IRV, S 22K V.
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Fig. 4 Cluster analysis of 31 quinoa materials based on ISSR molecular markers

()

Tk

ol I 5 U — A 0 ol AR 3R R A R
BRI o R R R il A R e R R R
BEUR 0 T Uk R T A AR AR M R Y T AR
P ARWEGE Y 5 AR 2R 1Y A S AR B T A
14.41%~70.26% , ¥ K F 10% , it B {3 22 22 Fp i
ZIRAEAE ) 22 5 K BRI R 5 A R TR SRR R
MORE YL RN B RS . Bk = R /b [ O LQ—109
(108.70 cm) , Hy7&idi . A BFFE R WY, bk e A2 52 M
) AR 1 B DR 3R, 3 Y AR AR R v 2 4 v AR P 1 A Ak
D | (T & 07 B P = B S G S G 7 ) s i
W MR BT R R ORI AR, R Tk 50%67,
(LB AR 2R3 55 Ak 855 R B8 R 45 B R M6 5 1% 0 R Bk
o AR B P B, T ik — 25 R AT BB AR A E R
o ZEMECRM A BERE 15 (23. 08 mm) , iZ i Fi/E N
A=W TR RN S S 2N =8 SR R (S B 7
A T A AR o R R R T R g A )
AR 7R R g % T AR AR 7R R R R B A R
B S M 250 AT B K /N TR e
MR R, 5 R T A R BB B BRI A
(ARG, i LB RO R LQ—223(4. 85) , Bt il
TR PERE R 25  H T BT /N R R LQ— 119
(2.19), Bl T RAE T 58, TY R & i B R &
A ZENE RN R LQ—223(1.57) , 250t
POBR /N )G b B R R LR 1 KL U
Fe ORI PR B SR R R bR 2R AR
IR E 5 R A2 S B g 45 R — 3K

I 2 H AL 528 Aoy B AT R B R A
AR TS BR R BEAT S, TR AT 22 3 B R 3X Rl O Ik
i B, AT R PO A A B R (E A
DA 1 e 0, 5] A [ P I T A e F 9
S5 L ROk R AL SRR W] R R T 2E A R A
WH 5T K. ISSRAFFHRICH AR Ry st Z v Wb
Yo SRR AL T O CPREE Y ik . RS v 0 % 3R
I8 4TI LY B 63 4 A Hh 28 AW
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Agronomic traits and ISSR genetic diversity analysis
of thirty one quinoa germplasm

YAO Jia', YANG Fa-rong”, LIU Wen-yu*, HUANG Jie*, WEI Yu-ming’,
YANG Chao’, LIU Huan"

(1. College of Grassland Science , Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem ,Minis-
try of Education , Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land Eco-
system Sustainability, Lanzhou 730070, China ;2. Institute of Livestock,Grass and Green Agriculture, Gansu Acad-
emy of Agricultural Sciences,Lanzhou 730070, China;3. College of Food Science and Engineering , Gansu
Agricultural University, Lanzhou 730070, China)

Abstract: [ Objective] This research was conducted to screen quinoa germplasm of different utilization values in
arid and semi— arid regions of northwest China and to lay the foundation for the conservation and utilization of quinoa
germplasm resources. [Method] Thirty-one quinoa germplasm resources collected from Dongxiang County, Linxia,
Gansu Province were analyzed for their agronomic traits. Molecular marker PCR amplification was performed using
ISSR primers to elucidate their genetic diversity and characteristics. [ Result] The coefficients of variation for the five
agronomic traits, such as plant height, stem thickness, fresh to dry ratio, stem to leaf ratio and yield per plant, ranged
from 14.41% to 63.30%. Plant height showed a highly significant positive correlation with stem thickness, fresh to
dry ratio and with yield per plant. Stem thickness was significantly positively correlated with yield per plant and fresh
to dry ratio. Fresh to dry ratio was highly significantly correlated with yield per plant. Eight ISSR primers with high
and clear polymorphism were selected and 63 bands were amplified, including 55 polymorphic bands. The ratio of
polymorphic loci was 83.70% , the number of effective alleles (Ne) was 1.451 5, the genetic diversity (H) was
0.273 1 and the Shannon information index (I) was 0. 417 4. With a genetic similarity coefficient of 0. 72, the 31 qui-
noa germplasm could be classified into five clusters. The first group was the selected longli 1 and longli 7, which have
good resistance to lodging, and pests and diseases. The second group had low plant height which can be further se-
lected as lodging resistant material. The third group had high plant height, high yield per plant, moderate fresh to dry
ratio and small stem to leaf ratio. This group can be further selected as fresh fodder material. The fourth group had the
largest fresh to dry ratio and was related to Taiwan Red Quinoa 1.Q-223. The fifth group had the largest fresh to dry
ratio and was closely related to Taiwan Red Quinoa [.Q-223. The fifth group was characterised by the largest stem to
leaf ratio and medium maturity varieties. [Conclusion] The 31 quinoa germplasm resources in this experiment
showed high genetic diversity, which can provide high— quality materials and scientific basis for quinoa germplasm re-
source innovation and genetic breeding.

Key words: Chenopodium quinoa;agronomic traits; genetic diversity; ISSR molecular markers; cluster analysis
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