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Genetic Diversity Analysis of Major Agronomic Traits
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Abstract; In this study, the genetic diversity, principal component and cluster analysis of 15 agronomic traits
were conducted in 135 Quinoa germplasm accessions that were collected aboard. The results showed that this collec-
tion represented abundant genetic diversity. Seven quantitative traits showed the different levels of the genetic varia-
tion (yield, 57. 8% ; grain weight per plant, 57.4% ; stem diameter, 27. 6% ; 1000-grain weight, 22. 5% ; plant
height,21. 9% ; main inflorescence length, 19. 4% ; growth period, 13.9% ). The genetic diversity index of eight
quality traits was differing ( inflorescence color, 1. 44 ;seed color, 1. 43 ;stem color, 1. 38 ;seed shape,0. 88 ;new leaf
color of seedling,0. 79 ; main inflorescence shape,0. 78 ;seed lustre,0. 63 ; cotyledon color,0. 08 ). The yield posi-
tively correlated to either 1000-grain weight or grain weight per plant,and negatively correlated to the growth peri-
od. The cumulative contribution of the top 5 principal factors reached 66. 537% in the principal factors analysis. The
first principal factor was mainly related to the plant type, the inflorescence type and the reproductive period; The
second principal factor was mainly related to the breed and the inflorescence color; The third principal factor was
mainly related to the yield ; The fourth principal factor was mainly related to the size and shape of the seed grains;

The fifth principal factor was mainly related to the color of the seed grains. By cluster analysis, 135 quinoa germ-
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plasm accessions were classified into 6 groups,including the group II that showed the highest yield. Interestingly, 31

germplasm accessions with elite traits (e. g. early maturing, short stalk , coarse stem,big grain, long inflorescence,

good seed setting rate and high yield) were found being useful for future breeding.

Key words ; quinoa ; germplasm resources ; agronomic traits ; genetic diversity
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Table 1 Guideline for scoring the agronomic traits of

quinoa

PEAR Traits B8 AR ME Record standard

AFH Gp R AT T R, B d

P PH SN THT 52 AR B e A B B B, B
M em

254 SD S AR A P e AL A Y B AR, PR
ﬂ‘] mm

FAEFK MIL JCEAI T2 A T 33 3 TOUs S A RE T, LT
M em

TR TCW 1000 7 ALRFDF B KT, Bl ¢

BRRR T GWPP ILAVH B RAPRL Y KT & SRR g

FEREY SRR A T, B0 R kg/hm?

FHEIE CC G=1 4% =2

LT OITITE NLCS & =1 214 =2 140 =3 41 =4

£ SC Wk =1 M =2 8 =3 =4 %
=54 =644 =7 ¥4 =84 =
9.5 =10

FAEFF @ MIC =1 WG =25=3 K& =44
=5 M=64=7 K% =8%8=9 4

=10 K =11 2 =12

FEAEFER MIS HHEIE =1 KK =2 KEE =3

R SeCo M=1%=28=34=420=5%=6
R AR S8 BERIE =1 JWERIE =2 WFIE =3

FPREEE SL Wise =1 W5k =2

GP . growth period, PH; plant height, SD:stem diameter, MIL : main inflo-
rescence length, TGW ;1000-grain weight, GWPP; grain weight per plant ,
Y : yield, CC:cotyledon color, NLCS:new leaf color of seedling,SC ;stem
color, MIC; main inflorescence color, MIS; main inflorescence shape,

SeCo:seed color, SS:seed shape,SL:seed luster,the same as below
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X, A 98. 5% ;Wi ih ik DLk Sk = H
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Table 2 The phenotypic variation at quantitative traits in

135 quinoa germplasm accessions

PR AREE FE bR TRAK
Traits Range Mean SD (%)
cv
HAFW() 6P 91.0~145.0 114.0 15.8 13.9
P& (em) PH 54.3~205.0 129.4  28.3 21.9

ZEH (mm) SD 8.6 ~45.4 16.6 4.6

FHFK (em) MIL  23.3~82.0 42.4 8.2 19.4
TR (g) TGW 0.9~3.9 2.7 0.6 22.5
MR (g) GWPP 6.2~153.7  55.7 32.0 57.4
Pl (kg/hm?) Y 112.8~2795.4 1012.2  585.4 57.8

KA, B 13.3%, O BB 2, il
10. 4% ; FALFIRIR LU L 0 £ |, LR 51.9%
HRE KA |, el 45. 9% kPR LA A 6 32,
LR 46. 7% , FLUOEAG €, LU R 21. 5% |, ¥ ol
WL BN 15. 6% KRR AR DL BRI A 3=, LA
H57. 0% , SR R ERIE |, LR 25. 6% ;s FFRDGEE
PAREIR N E , E ik 68. 1%

AR 8 A B PR (1435 15 Z RE TS B
90.08 ~ 1. 44, WREIIMKIK . AT (1.44) |
FPRLE(1.43) | 2560(1.38) | FPRIJEAR(0.88) | &)
B (0. 79)  FAETFIEAR (0. 78) | FRRIEEE
(0.63) . MBI (0.08), EAERF(OfL 2R
FescR s, Rz s G 2R R E TN
BB AR AL el BB ) A

Table 3 The frequency distribution of accessions with phenotypic variation

LGN Shannon J#t 1% R (% ) Frequency
Traits RS 2 3 4 5 6 7 8 9 10 1 12
FrEif ce 0.08 98.5 1.5
LIHT OIS NLCS 0.79 73.3  14.1 0.7 1.9
25 SC 1.38 0.7 1.5 1.5 0.7 51.1 230 81 10.4 2.2 0.7
F AT 8 MIC 1.44 10.4 3.0 49.6 0.7 0.7 1.5 5.9 2.2 5.9 L5 13.3 5.2
FIESFILAR MIS 0.78 51.9  45.9 2.2
¥k, SeCo 1.43 46.7 15.6 52 21.5 2.2 8.5
FPRIBAR SS 0. 88 57.0  25.6 7.4
FFRGEE SL 0.63 3.9 68.1

2.3 RZWRBEXEDT
Xt 135 (R BRI 15 A~ R BAR Z MR 1T

FARME T (K 4)  EEREW], 7E5 TRE | bk
R AR 3 IR ARG, 5 AP R FPRDERE R B
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TIRL M N E R GO S0 {05 2 N S 5 ) 2 INEY S TE -
I, 5 EEFPKE RFIEM, 5 TR E SR
H PRI AR AR 3 ARG, SAPROERE & B3
PSRV NSECE-Y NS 50 NSNS AL b S T R
@ 220 FAFRERBFEARS, 5 EEFC
SRFIEM, 5 TR R0 SRS 2o S &
FEFFIEAR AL R0 ) S A 3 W B O 2
B S FAFIER FPROLEE 2 W A, 5
TORIE RORIE O R R A T
KL 5 PRI EE APREAR PR S AR I 35 TE AN
K, GaEor i 5@ R E AR, 5
Jp (52 10 35 SR OG5 BRMORE B S kRGP 52 1 35 1
LiE PSSR SR el iR S R T RS
B 2R AR A O 25 A BT
@ EEFPREMR BFEMC, LBl PL
AR A A A MR IR SR AH B2 M) LT 291, 7R

AR AR 250 HT
2.4 REERERSHH

FIH SPSS 19. 0 A% 135 My 324 1 15 4
CHERIRIEAT E R M, TR 45 R B R AE A
FITTICR (£ 5) 45 R % 0 , B2 5 BE PR 5 4
T, BT STERR N 66.537% , 51 R
TE{E K 3. 750, TTHR N 24.997% |, bk & . FAE TR
RAEBH 22 BT e REE bR, 2R HR 3
BRI AEP RV A B IA G, 5 2 U RRAE
189 2. 288, BTk K 15.253% , 4l v O Wi (5, 32
P R EER R, ISR B SRR AL
JPEEA K, 53 R FIEE Y 1. 498, BTk R
419. 986% , AR E A L R EAR AR, BIPEIR
FEEERA S, B4 TRFRIEE R 1,331, 5t
HkR A 8. 873% , KPR G FPRIER | T i 2 &
BEEAR MR MR FE SRR RN TR K, 2 S
TR HFAEAE N 1. 114, STRRR N 7. 248% | Frhi(h
S TR, SRR B SRR A G,

x5 BEZFERZHERMERS T

Table 5 Principal component analysis of major agronomic characters in quinoa accessions

PR BT 1 ¥ 2 ¥ 3 BHF 4 H¥5
Traits Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
PR PH 0. 820 0.295 -0.010 -0.099 -0. 066
FAEFFIRAR MIS 0. 820 0.227 -0.054 0.014 -0.003
EFW 6P 0. 670 0. 331 -0.294 -0.346 -0.022
254 SD 0. 644 -0.228 -0.022 -0. 104 0.015
FSF K MIL 0. 603 0. 065 0. 250 0.316 -0.091
4ot NLCS 0.225 0.787 -0.103 -0.093 -0.273
FAEF 8 MIC 0. 025 0.703 -0.026 0.119 0.283
251 SC 0. 150 0.691 -0.048 -0.148 -0. 160
BRI T GWPP -0.021 -0.081 0.983 0. 070 -0.012
TR Y -0.022 -0.081 0.982 0. 072 -0. 026
FPRLGEE SL 0. 050 0.167 0.155 0. 744 0.071
FEREAR SS -0.147 -0. 121 -0. 080 0.675 -0.025
T-kiE TCW -0.007 -0.425 0.137 0. 601 -0.043
FFRLEE SeCo -0.034 0. 065 -0.063 -0.127 0. 865
FrEi ce 0. 044 0.339 -0.034 -0.183 -0.487
HHIFE (Y Eigenvalue 3.750 2.288 1. 498 1.331 1.114
TR (% ) Contribution rate 24,997 15.253 9.986 8.873 7.248
Z31 5Bk % (% ) Cumulative contribution rate 24.997 40. 251 50.236 59. 109 66. 537

2.5 KRZEEREESH

XF135 (R BEE R S A FE WA TR R
) ol PSR (4L 0E) ) BOARIR T R AT SR 24
M2l 1, s BE ey 7.5 B, 135 A B4 F it
ALY R 6 2,

HIFE 1 Ak 6 ATLUE 50 1 2ERFE S 11 fnfh
TG, SX I TT R BERAE g v B bR e, AR
K 5505  FPRL P R R, b QA079
QA095 ,QA113 3 {3 Bl kb 25 S 47 = e # e
AR e A — e, SETEHEAL 5 18 (3 Fh
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The Quinoa material was derived from the National Germplasm
Bank of the United States. The donor did not provide the germplasm
name, but only the introduction number
B1 BEMRELE

Fig. 1 Cluster analysis in Quinoa accessions map

JB 3R AT R ERRAE L R R, TR
K PRI R, 45 S e i, o it e, MR8
Jek e, BT KL (83.3% ) ek, ki K £
(83.3% ) BEIR ,IZISHE A i 7 b B B 7 A1 B R AR
AT AR . 20 T2RBEAL A 19 3Rl T, X il 3
BRFE R MR AT AP R B R AR 4
S A 7 AR H P QA006 , QA045 , QA0SS
QA063 \QA115 5 I Fh BUFFRIFR K, 27 A R AL T, 7
R, WER R R T RE, SRIVISER
72 Py, 3 T SRR O A R A
FE, EAEP A P 85 PRI, 7= d h 45 12 K I
THEEcEZ W, b TR EE30~3.9¢
Z IR FRLFP AT 31 03, bR = 7E 54.0 ~100. 0 em 1Y
BATRN A 18 1y, AE FIHAE 91 ~ 100 d Z [A] 1Y 324
FRBTA 25 1, AT AR 7 0 E A5 0 18 A0 R 1 45 S
B, G VISHRE S 13 (RS, X8R0 T E EARAE N
HR R bR SR, AR B T A FERLA/ N R PR
DIRBREhF = A, Hrh QA072 F1 QA076 2 1
FRTRFRLAE R 2R MR BT, T ARSI sR A i . 2
VIZEREEL S 2 A iT , X S BT = ZERRAE A W 2 | ik
R, EACTF A B R PRLN PR AR, X 2 R
FAEF WK 145 d, 48 P4, 163 1E H = e iR i AE
Z27-8 J, Al ORI X SOUAE ) .
2.6 $FRMRIEE

R 5 P 1) 22 30025 Bl Bt S A G431, 9020 Wi
Ve R RAT OHLFE  ORL K AE T 45 IR A A
AR AT 31 M (£ 7)), HP R 10
By, B W 91 ~96 d; BEFF AT 8 1y, BR R 54.3 ~
88. 3 cm ; HHAFFP 2 173, 254 40. 3 mm 45. 4 mm; K
KiRHT S 4y, TRITE 3.8 ~3.9 g, KAEFFT 1 14,
FAF 82. 0 em; Z5IR A =R AP 11 ), 5
MRRIE 111.5 ~153.7 g,

3 itig

A RE 7 T T AE B BARAR B, 45 A S MR ) 22
BRI ABEERERZEEE N 13.9% ~
57.8% ,8 i PRAR AL AR BT 0. 08 ~
1. 44 ULz D BT 4 B (0, ALz R A Fil
TS BT AR TR B SRR, AR TR B
B 5 7 O 2795. 4 keg/hm?, K FH A2 TG
Jc > gt I et A e R
Ji DRI AT i Ay A2 6 9% B2 1K (18000 #k/hm? ) 15 1k, 411
A BE SRR AP AR AT R AR A O
Ve 11 R BT A BpRR EE Ol 111.5 ~153.7 ¢, BAY
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Table 6 Statistics of major agronomic characters in six groups of quinoa accessions

Tl B2 Tl B

EFM() BE(em) 2541 (mm)

FHEFK(em)  THIE(g) HBHRHIE(g) h(kg/hm®)

Germplasm Germplasm
GP PH sD MIL TGW GWPP Y

group mumber

I 11 126 152.6 15.6 47.4 2.1 55.6 1012.0
I 18 105 125.8 17.4 43.0 2.9 112. 1 2058. 8
I 19 123 137.3 20.0 40.4 2.4 47.4 862. 1
v 72 109 121.3 15.5 42.2 2.9 46.2 840.5
v 13 130 139.6 17.5 42.2 2.1 44.7 772. 1
Vi 2 145 184.2 17.6 38.3 2.0 42.2 764.2

KT 3 HREHFMR

Table 7 31 Quinoa accessions with elite agronomic traits

Gl TR

ERRIR RN AFH(D) HRE(em)  EH(om)  EEFRK(em) TRE(g) HPHRE(g) 78 (kg/hm®)

Introduction

b Elite traits GP PH SD MIL TGW GWPP Y
number

QA083 LA 91 101.7 14.3 36.0 2.3 39.9 725. 4
QA048 L ok 91 103.3 16.5 37.7 3.9 38.5 700. 4
QA085 LI 91 108. 3 13.0 39.0 2.7 40.0 726.9
QA013 Lk 91 122.7 18.6 40.3 2.8 44.6 811.1
QA039 Lk 91 159.3 21.0 44.7 2.8 28.7 522.3
QA038 R B 91 54.3 8.6 23.3 2.6 12.1 221.0
QA112 L SRFT 92 66. 0 9.5 29.3 1.6 33.0 600. 3
QA026 L BFT 96 79.7 10.5 26.7 2.8 47.0 855.0
QA049 R SEFT 93 85.0 14.1 32.7 2.6 4.5 772. 4
QA109 T BT 93 88.0 11.7 32.0 2.6 73.8 1341.8
QA130 FEFF 145 84.0 15.3 33.3 2.4 44.5 809. 6
QA092 BEFE 127 87.0 18.5 28.0 2.9 36.0 654.9
QA005 FEFE 103 88.3 15.8 35.7 2.9 93.6 1702. 1
QA093 HLFF 127 123.0 45.4 30.0 3.0 23.0 418.4
QA066 A 107 92.3 40.3 39.7 1.7 52.4 952.8
QA030 pN A 108 133.3 14.7 52.0 3.9 88.5 1610. 7
QA094 Foi 127 143.7 22.8 42.0 3.9 19.0 346. 4
QA059 Foi 127 147.3 15.2 40.0 3.9 22.2 403.2
QA012 ki 107 129.0 17.3 57.3 3.8 65.5 1191.2
QA101 KIEF 107 139.0 26.3 82.0 3.6 82.5 1500. 8
QA020 SESRGf TR 101 121.7 18.5 35.0 2.5 153.7 2795. 4
QA008 GESTRAT PR 103 146. 3 16.7 42.7 3.0 143. 4 2607. 6
QA082 SESRAE 103 139.7 17.7 45.0 2.9 135.0 2455. 8
QA087 SECHRLF T 101 123.3 16. 1 36.7 3.0 131.4 2390.3
QA098 LESURYT PR 127 151.7 24.1 43.3 3.2 125.1 2276. 4
QA007 GESIRLE PR 103 137.0 17.2 49.0 2.4 121.4 2208.0
QA046 EESCRAT PR 103 106. 3 15. 4 36.7 3.0 120. 8 2198.0
QA067 SESRGY PR a 107 117.7 18.6 39.0 2.2 119.0 2163.9
QA014 SESRGf TR 106 123.7 15.8 51.0 2.8 113.0 2054. 9
QA037 SESTRYT PR 103 125.3 20.5 48.3 2.7 112.7 2049. 5
QA016 SERLE 101 132.7 16. 1 35.0 2.7 111.5 2029. 1

ARK ARG =5 1, I 2 %k L A7 25 3 4% 3 S5 0F
5%, USRS o @ p= e, it b s A 3 00 Ve 91 ~
145 d, Hr 76 R 5 (5 56.3 % ) A= F WI7E 108 d
DAY, R, 456 =R SR T K%
it A gl DX LR T AT BRI 1 AR R 2 22 (4 A

LAHERN 7 A LA ;7 A R R R, 10 H T A)
WEAR) | e R PR B B v - R FH R Sepl i e
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