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Analysis of grain phenotype, filling characteristics, and
starch synthase activity in Chenopodium quinoa with

different grain sizes

TAO Xiaosuo', YAO Xiaohua'?, YAO Youhua'?*"

(1 Academy of Agriculture and Forestry Sciences, Qinghai University, Xining 810016, China; 2 Qinghai-Tibet Plateau

Germplasm Resources Research and Utilization Laboratory, Xining 810016, China)

Abstract [ Objective | Grain size significantly influences the yield, marketability, and processing character-
istics of quinoa (Chenopodium quinoa). Understanding the grain phenotypes, filling characteristics, and

starch synthase activity of large- and small-grained quinoa during the filling period can provide guidance for
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the selection and breeding of large grain quinoa varieties. [ Methods] Two quinoa samples, one with a
thousand grain weight exceeding 5. 0 g and the other is below 3.0 g, were selected for a field experiment at
the Innovative Experimental Base of Germplasm Resources of Qinghai Academy of Agricultural and For-
estry Sciences. The study compared the difference of grain phenotypes, filling characteristics, and starch
synthase activity between large- and small-grained quinoa at 7, 14, 21, and 28 days of the filling stage.
[Results] (1) The phenotypic traits of large- and small-grained quinoa, including grain area, circumfer-
ence, diameter, kernel length, and kernel width, were significantly increased during reproductive period.
There were significant differences between grain types, where the largest differences were in grain area and
circumference, with the large-grained quinoa was significantly higher than small-grained quinoa by 9. 12%
to 11.54% and 21.49 to 23. 92% ., respectively. (2) Throughout the filling period, the dry mass of 100
grains of large-grained quinoa exceeded that of small-grained quinoa, with an average increase of 21.23%
to 31.04%; the filling rate of large and small-grained quinoa rose first and declined subsequently during
the reproductive period, which was in the pattern of “slow-fast-slow”. However, the time to reach the
peak and the peak height were different, with large-grained quinoa was early and high, while small-grained
quinoa was low and late. (3) The starch branching enzyme (SBE), sucrose synthase (SS), soluble starch
synthase (SSS), and ADPG pyrophosphorylase (AGP) varied for both grain sizes, with SBE and SS activi-
ties being stronger in small-grained quinoa than in large-grained quinoa., while SSS and AGP activities were
stronger in large-grained quinoa than in small-grained quinoa. [ Conclusion] Variations in the activities of
four starch synthases during grain filling contribute to differences in starch accumulation and peak filling
rate, which in turn leads to differences in grain phenotypic traits, whereas SSS and AGPase are the key en-
zymes affecting quinoa grain size.
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Table 1 Phenotypic traits of grains of the experiment materials during filling period

PR RN Bk WE M ¥ 221 (8] Duration of filling/d
Kernel trait Materials 7 14 21 28
HGW-A 2.6540.73b 3.13=£0. 08¢ 4.5340. 24b 4,814+0. 21a
R HGW-B 2.8940. 54a 4.27+0.70a 4.68+0.57a 4.8040. 52a
Grain area
/mm? LGW-A 2.2840. 42¢ 3.3240. 38b 3.9540. 50¢ 4.154+0. 33b
LGW-B 2.2740. 49¢ 2.98-£0. 40¢ 3.48=0. 25d 3.7240. 19¢
HGW-A 5.9540. 83b 6.4840. 27¢ 7.7040. 24b 7.9440. 21a
JK HGW-B 6.20-0. 62a 7.5540. 65a 7.95-+0. 56a 8.07-+0. 72a
Grain perimeter
/mm LGW-A 5.50+0. 56¢ 6.64+0. 45b 7.2740.50¢ 7.4740. 34b
LGW-B 5.5140. 60c 6.24240. 43d 6.7540. 28d 7.2240.91c
HGW-A 1.82-0. 26b 2.0040.03b 2.34+0.06b 2.4840.53a
HE HGW-B 1.91+0. 18a 2.324+0.19a 2.4340. 15a 2.4640. 13a
Grain diameter
/mm LGW-A 1.70£0. 16¢ 2.05-0.12b 2.2640. 14b 2.3040. 09b
LGW-B 1.70-40. 19¢ 1.94-0. 14d 2.1140. 09¢ 2.1840. 06¢
HGW-A 1.9940. 32a 2.12£0. 16b 2.44-0.10b 2.50-0.10b
AN HGW-B 2.05740. 20a 2.4640. 22a 2.56+0.21a 2.62740.27a
Grain length
/mm LGW-A 1.83-0. 20b 2.1540. 18b 2.3540. 18¢ 2.4140. 15b
LGW-B 1.80-0. 20b 2.0440. 16¢ 2.0040.11d 2.00+0. 28d
HGW-A 1.7140. 26a 1.8240. 13¢ 2.34740.10a 2.3840.10a
IR HGW-B 1.80=40. 20a 2.1340. 24a 2.2540.19b 2.3040. 16b
Grain width
/mm LGW-A 1.52-+0. 24b 1.9140. 15b 2.0840.17¢ 2.1540. 16¢
LGW-B 1.52=40.28b 1.80=0. 20¢ 2.0040.11d 2.000. 28d
HGW-A 1.2940. 37a 1.1740. 11a 1.04=0.01c 1.06=40.02b
KIEL HGW-B 1.1820.09b 1.16+0. 10a 1.14+0.07a 1.14+0. 11b
Grain ratio of
length to width LGW-A 1.20=40. 17ab 1.13240.07a 1.12240.06b 1.1240.07b
LGW-B 1.24=0. 23ab 1.14=0. 14a 1.10£0.07b 1.3340. 88a

H: HGW F1 LGW 4351 2 RORL TS (TRE BT i K T 5. 0 @) AVNVRL R (TR BT /N T 3.0 @ BEAE bR} s [ 51 AR [l /NG 8 R ox b1 BHREIEE 0. 05
KR EES .,
Note: HGW and LGW stand for large-grain (1 000 grains mass more than 5. 0 g) and small-grain (1 000 grains mass less than 3.0 g) qui-
noa, respectively. Different lowercase letters after the data in the same column indicate the differences among quinoa materials at 0. 05 level.
F2 AmBMMBEEEZRFNRBEERESR

Table 2 Differences in grain traits between large- and small-grain quinoa

FS TR RN for 70 T3 A% 220 5] Duration of filling/d
Kernel trait Seed size 7 14 21 28
R KK Large grain 2.77Aa 3.70a 4.61Aa 4. 80Aa
Grain area/mm” /NKL#]D Small grain 2. 28Bb 3.15a 3.72Bb 3.94Bb
JH K KA # Large grain 6.07Aa 7.01a 7.83Aa 8.02Aa
Grain perimeter/mm JNKEE Small grain 5.51Bb 6. 452 7.02Bb 7.35Bb
B FKLT Large grain 1.87Aa 2.16a 2.39Aa 2.47Aa
Grain diameter/mm /NEL#D Small grain 1. 69Bb 2.00a 2.17Bb 2. 24Bb
K FAL# Large grain 2.02Aa 2.29%a 2.49Aa 2.57Aa
Grain length/mm JNBLEY Small grain 1. 82Bb 2.10b 2. 27Bb 2. 41Bb
i 5E KAL# Large grain 1. 68a 1. 98a 2.30Aa 2.34Aa
Grain width/mm /NEEE Small grain 1.52a 1. 86a 2. 04Bb 2. 05Bb
Grﬁ?:'ﬁa&ito o KA Large grain 1. 24a 1.17a 1.09a 1. 10a
length to width /NRLAY Small grain 1. 31a 1. 14a 1.12a 1.23a

T WA F RS H/NE 143 5 o8 MORHRITE 0. 01 F1 0. 05 K TFAFTE L& 22 5+
Note: Different capital and normal letters after the data in the same column indicate significant differences among quinoa materials at the

0.01 and 0. 05 level, respectively.
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The same as below.
Fig. 1 Dynamics of dry matter accumulation and

filling rate of different quinoa grains during filling period
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Fig. 2 Differences in the activity of the starch

synthases in quinoa grains during the filling period
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