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Analysis of protein components in different cultivars of
common buckwheat planted in different altitude areas
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Abstract: In order to reveal the change laws of seed protein components among different varieties and among different re-
gions, we studied seed protein components (albumin, globulin, prolamin and glutelin) of ten buckwheat species cultivated
in four altitude areas. The results showed that the protein component contents in all the buckwheat cultivars were albumin >
glutelin > globulin > prolamin. Among four different altitude areas, the highest protein component content of buckwheat
seeds in average was 4.750% of albumin in Qinghai (alt. 2 620 m) 1.081% of globulin in Inner Mongolia with the lowest al-
titude, 0.393% of prolamin in Shigatse, Tibet, and 2.805% of glutelin in Zhangjiakou, Hebei, respectively. Moreover, on a
statistical average, the variety Meng 0530 had the highest albumin and glutenin contents, Chitiangiao 1 had the highest
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globulin content and Dingtiangiao 2 had the highest prolamin content. The variance analysis with two factors showed that

there were highly significant differences of albumin contents among the different buckwheat varieties, and significant differ-

ences of prolamin contents among the different planted sites, and that both of the varieties and planted areas had significant

effects on the contents of globulin and glutelin. And the correlation analysis showed that there were significant correlations of

altitude with the prolamin content in Chitianqgiao 1, and significant negative correlation with the globulin content in Meng

0530, but other protein component contents did not show any significant correlation with altitude. The above results are

helpful to guide the common buckwheat breeding and cultivation and extension.
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Fig. 1 Total seed protein contents of ten buckwheat varieties in four cultivation sites
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Fig. 2 Contents of seed protein components from

buckwheat in four cultivation sites
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Table 3 Variance analysis and multiple comparison of seed albumin contents among

different varieties of buckwheat and among different regions

F g A
o) Seed albumin content (% )
e D1 D2 D3 D4 R L5t St A
Average Variation range CV (%)

TQ-1 2.109 2.952 4,729 3.006 3.199ab 2.109~4.729 34.373
TQ-2 2.230 2.912 4122 2.557 2.955ab 2.230~4.122 27.957
TQ-3 1.848 2.606 4213 3.109 2.944ab 1.848~4.213 33.701
TQ-4 1.053 2.012 4,604 2.818 2.622b 1.053 ~4.604 57.428
TQ-5 3.176 4.119 5.390 3.097 3.946a 3.097~5.390 27.096
TQ-6 2.560 4.550 4,750 2.700 3.640ab 2.560~4.750 32.157
TQ-7 3.497 2.888 5.117 2.645 3.537ab 2.645~5.117 31.463
TQ-8 2.197 3.118 5.105 2.976 3.349ab 2.197~5.105 36.987
TQ-9 3.607 3.276 4.899 2.818 3.650ab 2.818~4.899 24.474
TQ-10 2.378 3.825 4.574 3.076 3.463ab 2.378~4.574 27.354
g 2.466¢ 3.226b 4.750a 2.880bc

Average

7 5 Rl 1.053~3.607 2.012~4.550 4.122~5.390 2.557~3.109

Variation range
75 S RN 31.763 23.266 8.385 6.970
CV(%)

e FRE MRS ISR 1 MRS I FR 2, BT IE, FBVEER IS ARG TR R 24 57 3 (P<0.05) . R 1A,
Note : Buckwheat variety numbers are listed in Table 1, and the location numbers are in Table 2. Data in the table are mean. Different lower letters in the same column indi-

cate significant differences ( P<0.05). The same below.
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Table 4  Variation analysis and multiple comparison of seed globulin contents among

different varieties of buckwheat and among different regions

FhyiRER &
o) Seed globulin content (%)
e D1 D2 D3 D4 E 25U ESE
Average Variation range CV (%)
TQ-1 1.288 1.145 0.720 1.041 1.049a 0.720~1.288 23.011
TQ-2 1.090 1.033 0.678 1.004 0.951ab 0.678 ~1.090 19.515
TQ-3 1.114 0.869 0.736 0.955 0.919ab 0.736~1.114 17.250
TQ-4 1.148 0.903 0.744 0.882 0.919ab 0.744~1.148 18.278
TQ-5 1.155 0.960 0.814 0.814 0.936ab 0.814~1.155 17.265
TQ-6 0.876 0.952 0.691 0.676 0.799b 0.676~0.952 17.125
TQ-7 1.067 0.976 0.764 0.840 0.912ab 0.764~1.067 14.879
TQ-8 0.785 0.876 0.684 0.830 0.794b 0.684~0.876 10.338
TQ-9 1.101 0.931 0.837 0.897 0.942ab 0.837~1.101 12.025
TQ-10 1.181 0.989 0.744 0.824 0.935ab 0.744~1.181 20.698
T3 1.081a 0.963b 0.741d 0.876¢
Average
A S R 0.785~1.288 0.869~1.145 0.678~0.837 0.676~1.041
Variation range
XS 13.596 8.477 7.150 12.046

CV(%)
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Table 5 Variance analysis and multiple comparison of prolamine contents among
different varieties of buckwheat and among different regions
Fh ¥Ry S
o) Seed prolamine content (%)
Cod - "
e . 0 3 o4 Ty A5 5 ASRA
Average Variation range CV (%)
TQ-1 0.219 0.279 0.310 0.402 0.302a 0.219~0.402 25.235
TQ-2 0.236 0.391 0.321 0.398 0.336a 0.236~0.398 22.432
TQ-3 0.232 0.327 0.218 0.359 0.284a 0.218~0.359 24.508
TQ-4 0.206 0.316 0.312 0.435 0.317a 0.206~0.435 29.497
TQ-5 0.289 0.326 0.327 0.394 0.334a 0.289~0.394 13.094
TQ-6 0.239 0.360 0.243 0.369 0.303a 0.239~0.369 23.589
TQ-7 0.197 0.397 0.264 0.420 0.319a 0.197~0.420 33.415
TQ-8 0.230 0.364 0.220 0.359 0.293a 0.220~0.364 26.919
TQ-9 0.268 0.381 0.343 0.416 0.352a 0.268~0.416 18.023
TQ-10 0.212 0.380 0.214 0.377 0.296a 0.212~0.380 32.312
T 0.233d 0.352h 0.277¢ 0.393a
Average
AR S 0.197~0.289 0.279~0.397 0.214~0.343 0.359~0.435
Variation range
AR B 12.046 10.920 18.288 6.719
CV (%)
xk6 FAEMRAFMMFEMFAEEASENTRIMRESELR
Table 6 Variance analysis and multiple comparison of seed glutelin contents among
different varieties of buckwheat and among different regions
YR EREGE
) Seed glutelin content (%)
Cod i *
e - 0 b3 o Py 2 545 S
Average Variation range CV (%)
TQ-1 2.252 2.877 2.196 2.327 2.413a 2.196~2.877 13.011
TQ-2 2.387 2.720 2.387 2.301 2.449a 2.301~2.720 7.568
TQ-3 2.010 2.686 1.997 1.919 2.153b 1.919~2.686 16.609
TQ-4 2.384 2.637 2.384 2.335 2.435a 2.335~2.637 5.611
TQ-5 2.469 2.823 2.281 2.270 2.461a 2.270~2.823 10.492
TQ-6 2.234 2.764 2.090 2.157 2.311ab 2.090~2.764 13.305
TQ-7 2.203 2.939 2.227 2.258 2.407a 2.203~2.939 14.773
TQ-8 2.268 2.960 2.219 2.198 2.411a 2.198~2.960 15.221
TQ-9 2.356 2.810 2.296 2.208 2.418a 2.208~2.810 11.112
TQ-10 1.844 2.838 2.221 1.943 2.212ab 1.844~2.838 20.218
1y 2.255h 2.805a 2.230b 2.192b
Average
AR ST 1.856~2.485 2.636~2.939 1.997~2.384 1.919~2.335
Variation range
AR5 B 8.419 3.755 5.402 6.786

CV (%)
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Table 7 Two-factor variance analysis on the seed protein contents among different varieties of buckwheat and among different regions

AT E S Seed albumin content (%)

AT IR S i Seed prolamine content (%)

bt 71

Source MR g sy P Pl | Source R gmg sy P PME

P df MS F value P value I df MS F value P value

Type 1l SS Type 1 SS

FE AR 35.564a 12 2964 12135  0.000 || REiFEAERS 0.173a 12 0.014 12 0.000
Corrected Model Corrected Model
R Intercept 443.676 1 443.676 1816.676  0.000 | FXEE Intercept 3.938 1 3.938 3268 0.000
5 Site 29.778 3 9.926  40.643  0.000 || Hb Site 0.156 3 0.052 43220  0.000
f b Cultivar 5.786 9 0.643 2.632 0.025 | & F Cultivar 0.017 9 0.002 1.591 0.170
1%2% Error 6.594 27 0.244 %22 Error 0.033 27 0.001
S 3T Total 485.833 40 ST Total 4.144 40
FEIE R 42.158 39 EIE I T 0.206 39

Corrected total

R*=0.844 (% R*=0.774)

Corrected total

R*=0.842 (¥ R*=0.772)

FFBRE i Seed globulin content (%)

AR A Seed glutelin content (%)

Source e md sy Pl pfi | Sowe WE - am oy P P

IRy MS  Fualue P value IRy MS  Fualue P value
Type 1l SS Type Il SS

FEIE AT 0.810a 12 0.067 9.895 0.000 || FIEARAY 2.983a 12 0249  19.496  0.000

Corrected Model Corrected Model

FHE Intercept 33.515 1 33.515 4912.887 0.000 || #RHE Intercept 224.084 1 224.084 17 574.81  0.000

Hi s, Site 0.614 3 0.205  30.020  0.000 || HbAk Site 2.577 3 0.859 67.38 0.000

fAb Cultivar 0.196 9 0.022 3.186 0.009 | fFh Cultivar 0.406 9 0.045 3.534 0.005

%22 Error 0.184 27 0.007 %22 Error 0.344 27 0.013

3t Total 34.509 40 H3t Total 227.411 40

KIE M ETT 0.994 39 KIE) &I 3.327 39

Corrected total

R*=0.815 (1A% R*=0.732)

Corrected total

R*=0.897 (1A% R*=0.851)

VU5 H W% 0 (D4) 155 = o8 0.393%, 728 53 [l R
0.359% ~0.435% , %2 5% ZAH 6.719% , 1E 4 Db X
H BRI, B 2 8 LA R T, 10 Al
FEMFITE 4 ML X R FEREA S EE R AR
2RI DR b DX SR B AR TR R
AR Horp, B RO B /Y o b2 520530 (TQ-
5), 853 RECN13.094% , TE 4 /> HL DX -2 Pt i
BEHEEN 0.334% ; M BB E R &N EFER 1S
(TQ-7) ,AE LRI, 4 0.197% ~0.420% , TM7E
PUsEL H W& 00 ( D4 ) Rl i) 2 i 557 2 5 (TQ-4) fFh
PS5 26 1 & i e e, o 0.435%
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5) VT3 15 (TQ-2) ER/FFE 2 5 (TQ-4) J#FFE 15
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Table 8 Correlation analysis of protein contents

in different buckwheat varieties with altitude

R R
o Correlation coefficient with altitude
Culivar gy wEE REN BIREN AEN
Total protein Albumin Globulin  Prolamine  Glutelin
TQ-1 0.609 0.620 -0.706 0.953 * -0.170
TQ-2 0.372 0.451 -0.520 0.714 -0.360
TQ-3 0.740 0.778 -0.599 0.443 -0.304
TQ-4 0.766 0.754 -0.813 0.917 -0.330
TQ-5 0.005 0.245 -0.971 = 0.890 -0.548
TQ-6 0.025 0.185 -0.807 0.451 -0.361
TQ-7 -0.056 0.055 -0.901 0.625 -0.164
TQ-8 0.500 0.552 -0.152 0.354 -0.299
TQ-9 -0.196 -0.007 -0.870 0.819 -0.418
TQ-10 0.278 0.497 -0.929 0.405 -0.021

o+ FOREAER 0.05 (XU ) KV BA BEFMER L,

Note: * Correlation is significant at the 0.05 level (2-tailed ) .
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