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Construction of Core Collection of Tartary Buckwheat Based
on Phenotypic and Quality Traits

MA Mingchuan',ZHAO Shaodi"*, HU Chuanwei"?, LIU Zhang', ZHANG Lijun', LIU Longlong'

('Center for Agricultural Genetic Resources Research ,Shanxi Agricultural University/Key Laboratory of Crop Gene Resources and
Germplasm Enhancement on Loess Plateau, Ministry of Agriculture and Rural Affairs/Shanxi Key Laboratory of
Genetic Resources and Genetic Improvement of Minor Crops, Taiyuan 030031 ;

College of Agriculture, Shanxi Agricultural University, Taigu 030801 )

Abstract: In this study, the data of 22 phenotypic traits and 3 quality traits of 708 tartary buckwheat
resources were used to construct the core collection of tartary buckwheat germplasm. By comparing merits of
four different combination strategies including the genetic distance, sampling method, sampling proportion and
clustering method, the ‘euclidean distance + multiple cluster deviation sampling + 20% sampling proportion +
maximum distance method’ was determined as the optimal sampling strategy of tartary buckwheat core
collection and the core collection containing 141 tartary buckwheat resources was constructed. The mean

difference percentage, variance difference percentage, range coincidence rate and variation coefficient change
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rate of core collection and original collection were 0, 84.00%, 97.60% and 115.42%, respectively. Finally, the
phenotypic and quality traits of the core collection were compared with the original germplasm. The mean value
of 25 traits between core collection and original germplasm had no significant difference. The variance of core
collection of 25 traits was higher than or equal to that of original germplasm, and the variance of 22 traits
between core collection and original germplasm had significant difference at 0.05 leve or 0.01 level. It showed
that the heterogeneity of core collection was better. #-test of Shannon-Weaver index showed that there was no
significant difference between core collection and original germplasm on all traits. Both the core collection and
the original germplasm had 8 principal components, and the cumulative contribution rates were 77.525% and
76.191%, respectively. The core collection germplasm was proved to represent the genetic diversity of the
original germplasm, which might be useful in collection, preservation and effective utilization of tartary
buckwheat germplasm resources.
Key words: tartary buckwheat; phenotypic traits ; quality traits; core collection
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A [F] 0 GBI L A D- TP U 3 4 S
ARIEL T, 2545 25 MR B A S TR AL
ST, R FERI B BT IR A PR AT E T SR A
FIE A AR ST HA R SV
1 #R57EE
L1 R

AW FE RIS R B [E A A1) 708 13 3 57 Bl

J, 253k 10 P A ol i 5 U0 Hp A2 R A R e R
P W1,

R1 708 E FEEUORIR
Table 1 Source of 708 tartary buckwheat germplasm
resources

Fre e b Wi | e U5 %
Code Source Number | Code Source Number
1 L eI 193 13 hERNSEY 6
2 e[Sl 91 14 rp T 3
3 o R 88 15 Hh AL 2
4 o B 71 16 TR 2
5 HE AR 65 17 HEL T 1

6 o 35 18 - 13
7 rhE )| 20 19 JER(EF 27
8 o P 5 18 20 H A 12
9 rf AL 12 21 EgE| 8
10 o ] i e 11 22 AT 6
11 PR 9 23 2 3
12 P 7 24 -— 5
= RHE D - ARAE K ; T IH)
—:Unknown province; ——: Unknown nation; The same as below
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1.2 R HE

121 REMERME 708 335 55 Fl A KT
2021-2022 43 2 PRAEFE 1L G 48 D M T b B P 25
T, B A RHEFP 247, 45K 2 m, 17133 cm,
PRI 3 em 2247, BH47 BV 60 Bk , C SRR 1
B E A, R BEALZE R AT AR 5 B, I ik
NS % N S T BIE - /Sy 2 N o
PRUSCER J I 2 Bk 5 B MR B TR0 EE 4 12 00

R2 BAIRBEERORETE
Table 2 Survey methods of 13 phenotypic traits

FEREAR IR . BAMORI R MR B TR R
THIAR KPR DR RLTE FPRL I B8 HE A% 8 AR
L AR BEE P 0T RS (TPKZ-3) %€ 5 Bk
R DR AR B
B EZERL 3 2R IR AL B S 2R T A
EEE OROE KL AR TS 13 RRR A TS
TEABRAEAR R E W 2.

Phenotypic traits

Rk

Survey methods

¥k (cm)PH
H—a b (em)LFB

O (em)LCG

LRV

ol

FZEAHHPB
F254 (mm)SD
553 25793 (N)SSTN

55 52578 (N) SSFN

0k A5 2 A I A T P B

AR — A AL I B
AT AR BR TR E AR BR DTS 1A 1, DN ek 25 R 332 i A B
FHECE 25 1 MR A T B4
AR 2255 AR — MR
IMATEAE RS 1A F0ES 241 Z Al il AR
FHZEFFREEALAR (FE =48 YYD-1 ) 502 phy i) b 40058 =1
FHZERTSREZAL s (FEE 2 A Y YD-1 20 M5 phy i 1] B0 T vh 3 A s

SRR BT

PRy [T (g) WAP PR ag A b L A 4k E

RIE GS WEKPRLIEAR , 1=1 4k, 2=k, 3=0008

HLE GC TEH ERF SRR, 1=30K , 2=, 3=UR MK, 4=180 , 5=He , 6=T548 , T=JK 2, 8=12
W GEWS WERKPRLA b PR AT BN, 0=TJC , 1=4 38, 2= i, 3=A47 12}

Hi5E TS MEEFFRLE ST, 0=1f, 1=

PH: Plant height; LFB: Length from base of stem to first branch; LCG: Length from base of stem to center of gravity; NN: Number of nodes; PB:
Plant branching; SD: Stem diameter; SSTN: Stem strength of the third node; SSFN: Stem strength of the fifth node; WAP: Weight of above ground
plant; GS : Grain shape; GC : Grain color; GEWS : Grain edge wing or stick; TS: Thin shell ; The same as below

122 SEMIREE 202244} 708 338 75 b i ik
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L 70% FEE 30 mL 65 C/KIRIRIE 3 hEEA,
2% 0.45 pm fUBER U85 A5 BRI RS S o B B
Tl F1 D-TF 1 LB A9 00 2 34 225 2 = e S5 D
D7 SN 2R FH AT WA GG RE - AR AR, AT
TR R b o 22 A o il £k, I 5E 9% K 720 nm
(756 50O, B ER A PR A 5 &
BRI 2 SR AT L5366 -ALCL B, LA T s
HESh 2 TIBRHEITZE I 22 P4 420 nm (756 25905350
FEEE, RS AT PR AR s D-F M LB
KA HIAT AE 4k RP-HPLC 3, 2K H Bk 40 7 2 4k
7, Hypersil ODS C18 i 41 (4.6 mmx25 mm, K
HEAR R R 0 BT AR A PR | S B E A, O 2K

(80:20) Ay i sl AH , DAD Har il £ , 46 34 1< 230 nm
(1100 AR AT , 36 E LR RHE AR .

123 ZOFRME  FIH QGA2.0 #fF%f 708
P8 FERN T AT RO Bh SR R MR R S L
[CHE 2 2 Pt AL R B, 2 IR ERENLIRE T 2 R
RS 2R BRI I 2 5 JURE 325 3 R URE Oy
5% . 10% 15% .20% .25% .30% .35% 7 T HUFE EL
1), DA R e BB vk (Rl AR R ARSI RO
Wk CE O Ak R A R EE CHEO T R KR
Bk 8 AR BN [RI 2 A, #4 EEA) B AZ O A T
TAEE 3361 DX A5 Bl 4 5 I ah Al UTT (14 3
{H 225 A 438 (MD, mean difference percentage ) . J7
£ 27 H 4% (VD, variance difference percentage ) |
W 4758 (CR, coincidence rate of range ) F17% 5+ 22
ARk & (VR variable rate of coefficient of variation)
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Table 3 Comparison of differences among different sampling strategies (%)
Z YRI5 ZURIATEIAR % ZUCR I 18 P UM 1
LR I LB Multiple cluster random Multiple cluster preferred Multiple cluster deviation
Genetic distance Sample sampling method sampling method sampling method
ratio
MD VD CR VR MD VD CR VR MD VD CR VR

WG HE g 5 3.50 4450 83.03 11690 4.00 84.00 98.69 13245 3.50 79.00 92.87 134.87
Euclidean distance

10 3.50 3500 87.75 11141 6.00 81.50 100.00 121.98 5.00 78.00 9441 123.97

15 3.00 34.00 90.83 10829 7.00 71.00 100.00 11552  3.50 77.50 95.67 117.80

20 250 2950 9224 10635 550  62.50 100.00 111.70  2.50  73.00 96.13 114.74

25 3.00 20.00 9292 104.73 450  60.00 100.00 109.29 250 68.50 96.42 112.33

30 1.00 1650 94.67 10440 3.00 49.00 100.00 10735 2.00 6550 97.66 110.73

35 1.50 1550 95.03 103.53 250 49.50 100.00 106.44  1.50 57.50 98.05 109.38
o PR S 5 550 48.00 83.14 116.62 4.00 84.00 98.69 13245 9.00 80.50 93.63 133.59
Mahalanobis distance

10 500 4350 88.97 111.50 850  81.00 100.00 123.64 14.00 83.50 9530 124.17

15 550  40.00 91.37 10847 7.00 77.00 100.00 116.42 1550 84.50 96.16 119.03

20 7.00  31.00 92.75 106.72 7.50  68.50 100.00 112.49 16.50 85.50 96.69 116.09

25 500  28.00 9337 10497 850 6250 100.00 110.02  9.50 81.00 97.20 113.68

30 550  21.00 94.02 104.00 4.00 5450 100.00 108.06  9.00 79.00 97.68 111.77

35 500 18.00 94.59 103.12 4.00 47.50 100.00 106.59 550 74.50 97.75 109.76

MD: BHZE 5 355 VD J5 22253 T 2335 CRARZERT G 3 VR AL S R BRI AS T Il

MD: Mean difference percentage; VD: Variance difference percentage; CR: Coincidence rate of range;

The same as below

VR : Variable rate of coefficient of variation;
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BB TMENBIEZRE SRR H2EE
5 H G0N 84.00% M ZEFF A F N 97.60% A8 5+ R
BN 115.429% , 435 141 357580 . BRI
[EIRTIE| AN =R Tl w2 W i f=:8i0F 9N iR R
LR AN TR A LA R, T 55 T TR TS 2 ORI R
LG0T A AR PR, bl 7Y BT St a R
I T 0 BURE 03 BRI X 48 22, IR BORE BL ) 7
8.33%~40.00% Z 0], B R 315 B hp M AR B T i iy
TS A b BRI (R 5) o

F4 "BMAEF+ZRBEREEREE20% " RETARBRETENESR

Table 4 The difference of different clustering methods under “European distance + multiple clustering deviation sampling

+20%” strategy (%)

BEH ¥ESaA% HEZFHTFE WEERF G A 5 BB R
Cluster method MD VD CR VR
A iE 570 Single linkage 20.00 84.00 98.36 119.93
% K257k Complete linkage 0 84.00 97.60 115.42
Hh ] 99 Median method 0 52.00 93.81 111.57
Hi.[>7% Centroid method 0 48.00 96.22 112.19
447 Unweighted pair-group average 0 72.00 96.55 114.02
A AP435 Weighted pair-group average 0 80.00 95.03 114.57
A[ 454 Flexible-beta method 0 84.00 94.89 114.46
B 2257 )5 flik Ward” s method 0 80.00 96.58 115.74
£S5 ROFFRSRIEHhFIEUEE L 51
Table S Source and sampling ratio of core collection

Fr 5 xie B (%) s U5 Hh hxie HURE (%)
Code Source Number Sampling ratio Code Source Number Sampling ratio
1 FhE P 38 19.69 13 rhE S 1 16.67

2 Hh I B 20 21.98 14 LY 1 33.33

3 H e HA 9 10.23 15 Ik 0 0

4 LRl 17 23.94 16 T 0 0

5 HE = 13 20.00 17 W T 0 0

6 v i i 11 31.43 18 - 3 23.08

7 rh el 1] 8 40.00 19 JEIR 4 14.81

8 e P 3 16.67 20 H A 1 8.33

9 rp =1L 1 8.33 21 B 2 25.00

10 RSN} 3 27.27 22 AT 1 16.67

11 Hh 2 3 33.33 23 2 1 33.33

12 T 0 0 24 - 1 20.00
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Table 6 Comparison of differences between core collection and original germplasm

PAE PAE
PR Ttz ¥fH (F1H) F% (F2%) WRME  wmoME S WE ERRE(%)
Traits Ggermplasm Mean Pvalue  Variance P value Max. Min. Range crv
(Mean) (Variance)
AFWI(dPD JE b i 87.40 0.77 62.52 0.0847 101 69 32.00 9.05
(AN 87.62 7431 99 69 30.00 9.84
PR (cm)PH JshR BT 161.20 0.42 647.03 0.0043**  234.00 106.50 127.50 15.78
AW 163.40 898.58 231.67 106.50 125.17 18.35
FEEITHNN SR IG5 23.43 0.84 8.68 0.0057%* 32.00  15.67 16.33 12.58
BoAhst 23.49 11.91 31.50  15.67 15.83 14.69
F 2K PB JsaR BT 5.86 0.77 3.66 0.0008** 15.67 0 15.67 32.68
[N s 5.92 5.43 15.67 0.67 15.00 39.39
H—rFiEE (em)LFB  JRLRF R 30.34 0.14 475.34 0** 136.33 0 136.33 71.86
(ANl 34.16 842.28 134.00 1.50 132.50 84.95
0 (em)LCG J5t 5T 78.21 0.76 142.57 0.0079%* 112.00  45.00 67.00 15.27
[N s 78.60 192.85 110.00  45.00 65.00 17.67
FZ2H (mm)SD SR IG5 8.24 0.31 1.37 0.0006** 12.91 4.84 8.07 14.19
B A 8.37 2.04 12.91 4.84 8.07 17.06
IZETIRE (N)SSTN Al 234.60 0.52  11161.19 0.0011%* 596.98 4572 551.26 45.03
AR 241.99 16346.08 590.10 4572 54438 52.84
S SZEARRAEF (N)SSFN  JEUUATFHR 145.28 0.40  5173.81 0%* 42510 25.03 400.07 49.51
el 152.31 8738.44 425.10  25.03 400.07 61.37
FRRRARIEL SN J R A5t 285.95 0.28  36008.78 0.0001%*  1240.00  24.33  1215.67 66.36
[N U5 308.90 57194.07 1240.00 2833  1211.67 77.42
bk T fif (o) WAP SRR 107.57 0.17  1986.20 0.0002%* 366.67  20.00 346.67 41.43
el 114.34 3095.99 366.67  26.67 340.00 48.66
AR (g)SY J RN BT 6.92 0.41 12.37 0** 23.98 0.41 23.57 50.86
[N Ui 725 20.73 23.98 0.46 23.52 62.79
THiHE (g) TGW SRR T 17.69 0.62 3.85 0.0024** 3027 10.39 19.88 11.09
LR 5y 17.59 5.48 29.56  11.44 18.12 13.31
K% GS J RN BT 1.30 0.14 0.24 0.0361* 3 1 2 38.02
s 1.37 0.31 3 1 2 40.41
hits, GC SRR T 445 0.97 4.44 0.1319 9 1 8 47.37
AN T 4.44 5.11 9 1 8 50.89
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6 (%)
Pl Pl
PER s ¥iE (F1H) 5% (5 2) BoRME BoME S WE ERFRE(%)
Traits Ggermplasm Mean Pvalue  Variance P value Max. Min. Range cv
(Mean) (Variance)
il GEWS JEaRAN T 0.10 0.16 0.20 0** 3 0 3 435.51
(N Uy 0.18 0.36 3 0 3 338.96
ST TS SRR TT 0.02 0.66 0.02 0.0060%** 1 0 1 796.57
Bofhs 0.02 0.02 1 0 1 680.65
AERLTE AR (mm?) GA J sl oL 8.29 0.99 0.77 0** 15.11 6.14 8.97 10.61
oA 8.29 1.32 15.11 6.14 8.97 13.87
FERLE A (mm) GP e oL 11.79 0.84 0.57 0** 15.85 7.82 8.03 6.42
RO 11.77 0.95 15.85 7.82 8.03 8.30
R TE L GL/W J A BT 1.62 0.98 0.05 0.0799 2.11 1.08 1.03 13.83
(A iy 1.62 0.06 2.06 1.08 0.98 15.11
Hi K (mm)GL EVGEDI 4.46 0.91 0.20 0.0033%* 5.95 323 2.72 9.98
(AN iy 4.45 0.28 5.95 3.25 2.70 11.84
HE5E (mm)GW SRR BT 2.78 0.83 0.05 0.0020%* 4.02 1.77 225 7.75
(AN 277 0.07 4.02 1.77 225 9.29
S (mg/g) TP SRR BT 16.10 0.14 1.54 0.0005%** 20.75 10.73 10.02 7.71
(AWl 16.31 231 20.75 12.80 7.95 9.33
L E T (mg/g) TF JEL AR T 22.63 0.33 6.05 0.0013%* 29.29 13.84 15.45 10.87
oA 22.89 8.79 29.29 13.84 15.45 12.96
D-FHENLEE (mg/g)D-C1  J5ARFPF 0.46 0.14 0.03 0** 1.42 0.07 1.35 35.06
oA 0.49 0.05 1.42 0.07 1.35 43.81

* E0.05 /K E2EFBE  ** 1E0.01 K P EE R 8

PD: Period of duration; SN: Seed number; SY: Seed yield; TGW: 1000-grain weight; GA: Grain area; GP: Grain perimeter; GL/W: Grain length/
width; GL : Grain length; GW : Grain width; TP: Total phenol; TF : Total flavonoid; D-CI: D-chiral inositol; *: Significant difference at 0.05 level; **:

Significant difference at 0.01 level; The same as below

222 FEHEMREBROMRESHEEST X R
Ll B FTAZCoBUTT 1 25 AR I 38845 Z R 2K
(R 7), B 5 A 388 A% 22 R 45 B0 s v T sl

ol I, 6T AZ O AP 5 FP 8 B L AT B e 1 R

ST S R UESS ERONIDE A e S S RSN

ol i 9 ] — PR AF A 1 22 S /N, BAT ARG AR

E

FRRIE R RFE AN, HoR 22 IR 2

FEVEFEBUAE 1.3498~2.1826 2 1] , b BH i Lk 4 2

IR R BN AR T R E =R A OR FEEREC R

x7 FIEFRSZOF USRS SRR

Table 7 Comparison of diversity index of core collection and original germplasm
EXIN JE R AT O PR J5 iR ST RO
Traits Original germplasm  Core collection Traits Original germplasm  Core collection
A= H W PD 2.0710 2.0872 HfE GS 0.6594 0.7495
¥ PH 2.0547 2.1826 Frta GC 1.8541 1.8869
TZEFHNN 1.9930 2.1339 W GEWS 0.2939 0.4262
F2E0 K PB 1.6080 1.7860 HW5ETS 0.0801 0.1030
55— 3B 1 LFB 1.7128 1.8683 FPRLIA GA 1.3663 1.5371
O ELCG 1.9943 2.1152 FPRLFHE GP 1.3766 1.5348
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PR IR BT A0y iy PEIR Js T (A iy
Traits Original germplasm  Core collection Traits Original germplasm  Core collection
FZEH SD 1.7796 1.9364 FPRLK B8 L GL/W 1.9398 2.1625
553 2575 SSTN 1.9982 2.1275 i GL 1.8866 2.0097
55 5 2515 SSFN 1.9169 2.0301 HLTE GW 1.3498 1.4152
FARRRIEL SN 1.6947 1.8173 L TP 1.6445 2.0216
PARRHL - i F WAP 1.5859 1.7600 B TF 1.8710 1.9830
HARRRITE SY 1.7603 1.9178 D-FE L D-CI 1.5304 1.6978
T-hiETGW 1.4155 1.5891

223 REBMHRSZOMBEHERSSH WX
OS5 AR TP L 25 IR B B 32 o Al
LR LURFIE(E R T 1 38, PIE A 84 T
O3, BRES VSRS 8 A T oAt , oAy 303 Y RFAE

®8 REMRSZOMBRIERS SN

(BRI TRRR , A2 OB LA S o8, A2 O R BR 1Y)
ZIT TR N 77.525%, 7 T IR AT Y 76.191%,
BTk AT RN, 2R A B A b o R
TR T ETUA e T MR IR R (3R 8)

Table 8 The principal component analysis of original germplasm and core collection

JEIAFNE Original germplasm 1%L BE Core collection
FHSY Component IR Bk (%) Rtk (%) B FHkE (%) R FHAR (%)
Eigen value Variance Cumulative proportion  Eigen value Variance Cumulative proportion
1 4.617 18.468 18.468 4.477 17.908 17.908
2 3.946 15.784 34.252 4.056 16.224 34.132
3 2.741 10.964 45216 2.768 11.074 45.206
4 2.178 8.711 53.927 2.304 9.215 54.421
5 1.722 6.889 60.816 1.776 7.104 61.525
6 1.483 5.933 66.749 1.594 6.375 67.900
7 1.237 4.947 71.696 1.287 5.149 73.049
8 1.124 4.495 76.191 1.119 4.475 77.525
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