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Statistical Analysis of Amylose and Protein Content in Landrace Rice Germplasm
Collected from East Asian Countries Based on Near-Infrared Reflectance
Spectroscopy (NIRS)
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ABSTRACT A statistical analysis of 4,380 non-glutinous landrace rice germplasm collected from four East Asian countries
namely South Korea (1,032), North Korea (994), Japan (800), and China (528) was conducted using normal distribution,
variability index value (VIV), analysis of variation (ANOVA), and Duncan’s multiple range test (DMRT) based on a data obtained
from Near-Infrared Reflectance Spectroscopy (NIRS) analysis. In normal distribution, the average protein content was 8.2%, and
the non-glutinous rice amylose, ranging over 10%, was found to be 22.0%. Protein content in most gremplasm was between 5.4
and 10.9%, and amylose content was between 15.0 and 28.9%. The VIV was 0.50 for protein, and 0.81 for non-glutinous rice
amylose content. The average amylose content was 23.34% in Chinese, 21.55% in South Korean, 21.45% in Japanese, and 20.48%
in North Korean resources, while the average protein content was found to be 9.02% in Chinese, 8.06% in Japanese, §8.04% in
North Korean, and 7.99% in South Korean resources. ANOVA of amylose and protein content showed significant differences at
p=0.01. The F-test value for amylose content was 94.92, and for protein content was 81.82 compared to the critical value of 3.79.
DMRT of amylose and protein content revealed significant differences (p<0.01). Among the various germplasm obtained from
different countries, that from North Korean had the lowest level of amylose content, whereas that from South Korea had the lowest
level of protein content than all other resources. Chinese resources had the highest level of amylose and protein content. It is
recommended to use these results in breeding fields.

Keywords : Amylose, ANOVA, DMRT, Landrace rice germplasm, NIRS, Normal distribution, Protein
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Table 1. Distribution of landrace rice germplasm based on
geographical origin.

Origin Numbe'r of Ratio of accessions
accessions (%)

South Korea 1,032 23.56
North Korea 994 22.69
Japan 800 18.26
China 528 12.05
Philippines 163 3.72
Taiwan 160 3.65
Sierra Leone 116 2.65
Unknown 311 7.10
The others 276 6.30
Total 4,380 100.00
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Table 2. Frequency distribution table of protein contents of |
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Table 3. ANOVA formula definition.
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Table 4. Descending arrangement of average values (X ) in each group and the determination of Studentized range p-value.

Order in — Reference

Alphabeticals X size X Statistics B C E A D
A 13.29 B 30.86 D 5 4 3 2
B 3086 X C 2014 p value A 4 3 2
Array =
C 29.14 = E 21.00 E 3 2
D 11.00 A 13.29 C 2
D
E 21.00 D 11.00 B
Table 5. Calculation of LSR value (at significance level a=0.01).
P’ 2 3 4 5
SSR (df=30, «=0.01) 3.89 4.06 4.16 422
LSRR, (SSR>57) 3.891.10%=4.28 4.06<1.10=4.47 4.16<1.10=4.58 4.22x1.10=4.64

*Mean number of average within DMRT range.

*Mean S = 4/ MS;LSW= 1/% =1.10.

Table 6. Creating DMRT table by comparing with X and | }fLSRQ01 | value in each group.

p Group X LSRRy, (fR i&g:g;l) Refgg:f:lr;(;n ¥ DMRT Result
5 B 30.86  4.64 26.22 29.14° > 26.22" > 21.00%, 13.29%, 11.00° B BC
4 C 29.14 458 24.56 24.56" > 21.00%, 13.29%, 11.00° C
3 E 21.00 447 16.53 16.53" > 13.29*, 11.00° E
2 A 1329 428 9.01 9.01" < 11.00° AD
D 11.00 - - -

Table 7. Interpretation of DMRT result.

DMRT Result Interpretation
BC E AD Equal to B and C at level of 1%
Equal to A and D at level of 1%

A* B’ C" D* E° Grouping as A&D, B&C, and E at level of 1%
ZIgkol e Ao HtEoh AW fol4do] ikl Znp o nE
Ssta o ool glrka Wadlth WE 7F B %

(1% =X Do} L8R 7hE Hlists 29 e 2+ Hagt NIRS ZiZHA 2y 2 25
et LSRZRO] 2w 0)4o] girka shetst 4

A e 30 A #= RSQ (RY), 1-VR, SEC,
ool Qlttal wWetstct DMRT A4S AE dEmdle] AAA4=0]l 1-VR
A S5 TA|, Table 7). < wAHS AAAFeltk. AAAFR0] 19 7PkEeSE

o Ct A4 m2 230
a1 SECV+ wAHgS EFEeafo|th k2 ekgke] 00 7
PHe5% dzmde] Yeri FolAth E AP
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Fig. 6. Correlation plots between NIRS data, amylose (A) and protein content (B) in the milled brown rice germplasm.

Table 8. External validation results of NIRS equation model for the amylose and protein content in the milled brown rice.

External validation

NIRS equation model

Constituent

No. r SEP Slope No. R’ SEC Slope
Amylose 132 0.962 2.349 0.811 465 0.970 1.010 1.000
Protein 124 0.986 0.415 1.038 473 0.983 0.158 0.998
RSQ+= ofd&EAof 9lo] 0.9560]9 a1, THala2 0.9820] % NIRS oS24 HFAPow ARgsiont. A8E AS4
t}. SECE= ofd=z Ao Qo] 1.1599 11, TR (0.164% LE9 HAEAZFS NIRS 5 T2 19| lab data &=
ok 2 HEAY Ag e A5 s A 2 of ¢J2l3to] external validation set-Z “L/dskqlal, |4
of AbEH HE XY ARESto] WAk St dat, 1-VRE NIRS o &= dlo] external validation seto] Z-8-% A% 24
ofglZof glof 0.9570]%13, THHA 0.9810]9Itk NIRS 715 2HQI5F9th(Table 8). ofU 2 A0} thaja o] RSQ (1)
AR GAREA ol vl FEAe W] wiiEol A w2 Z+7F 0.962, 0.986°] %13 SEP gk Z17F 2.349, 0.415
ALEE A F% oA #58 A UeE YEY it @z SEP Fro] ofd & SEP gt 2tou g ot
T2 JASH=s Ao] 2Q3MHKim er al., 2008). ALAUE WA =3 HFEs} =9kon o] o} Z A SEP 0.882, T
7 2 b HEA AYS FUHEA St Bkt W 2] SEP 0.280 ¢to.= K 1% Hwang er al. (1994)°] A1}
HO g NIRS o Snde 2| 43}5}9] ) 2]43k% NIRS 3 ot FARGH ZAeF o= eyt SEP gro| ofd2A7 o
FA1 B SASAES YEFRTH(Fig. 6, Table 8). 1-VR W] vls =4 Yehus A2 @njof= ofdE Aot
2 HeFA] Aol ofm] o]&-H A& A} o)Lt F Ho| -2 Aol wo] EAst= 5 e &9 9 1 24
L& Briske QA Wilolth 1hHsHA B o] HA| e 7F Wulo] vlg] tE27] wEQl Ao E AYZHEtHMoon
= AHo] 9lo 1-VR wre 2= 7 NIRS 5249 et al., 1994). o]}e] A& F348l & of 7fdE 24
A& 24 Al AR E Brtstr] ol FEstthBagehi et NIRS d|SH2 7]20] FAEA o ot & #4 2
al., 2016). whebA HeFA] 2o AMEE A 9]9] H =Rt Of 2 AWEE 7R, EAAEE ®3F F Zol7) Q=
EL o] 83}o] NIR 7]7]W 9] external validation =21 Ao &2 YEGTHO e al., 2017a).
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Fig. 7. Normal distribution and probability density of amylose
content in total landrace rice germplasm (n=4,948).
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Fig. 8. Normal distribution and probability density of amylose
content in waxy-type landrace rice germplasm (n=568).
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Fig. 9. Normal distribution and probability density of protein
content in waxy-type landrace rice germplasm (n=568).
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Fig. 11. Normal distribution and probability density of non-glutinous amylose content in landrace rice germplasm of South Korea
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Table 9. Statistics data table for ANOVA test on non-glutinous rice amylose content based on geographical origin.

South Korea North Korea Japan China
n,=1,032 n,=994 n,=800 n,=528
No. A A? B B? C C? D D?
10.01 (10.01) 10.05 (10.05) 10.10 (10.10) 10.14 (10.14)
2 10.01 (10.01) 10.07 (10.07)? 10.14 (10.14)? 10.15 (10.15)
10.05 (10.05) 10.13 (10.13)? 10.18 (10.18)? 10.26 (10.26)°
528 : : : 33.76 (33.76)°
800 : : ; : 3391 (33.91y
994 : : 32.50 (32.50)?
1032 35.07 (35.07)
Mz, 2224461 20,352.63 17,161.08 12,321.63
3 a? 491,012.10 424,276.78 375,051.08 189,447.52
(Y z,)? (22,244.61) (20,352.63)> (17,161.08)> (12,321.63)>
n; 1,032 994 800 528
>, 22,244.61 20,352.63 17,161.08 12,321.63
n, 1,032 994 800 528
(Dz)? (22,244.61)? (20,352.63)2 (17,161.08)> (12,321.63)2
n, 1,032 994 800 528
(Zx1+2x2+2$3+2$4)2
_ 2 2 2 2y
—(E%"’Exz"'zl’s"'z%) (n1+n2+n3+n4)
SST =(491,012.10+424,276.78+375,051.08+189,447.52) —
{(22,244.61+20,352.63+17,161.08+12,321.63)*/(1,032+994+800+528) }
=36,107.42
_ (2331)2 I (272)2 n (213)2 4 (21'4)2_ (Zx1+2x2+2$3+2$4)2
ny Ny ng ny, (ny +ny+n;+ny)
SSB - ={(22,244.61)%/1,032+(20,352.63)*/994+(17,161.08)%/800+(12,321.63)*/528 } —
{(31263.60+26562.20+8256.57+7307.79)*/(1,032+994+800+528) }
=2,828.68
Doz Qury)? Quzy)? (Qumy)?
:(EJC%LZLU%JFE%JFEJJE)— E 1 + Z 2 + E 3 + E 4
ny Ty ng ny
SSW =(491,012.10+424,276.78+375,051.08+189,447.52)—
{(22,244.61)%/1,032+(20,352.63)%/994+(17,161.08)*/800+(12,321.63)%/528 }
=33,278.74
Table 10. ANOVA table of non-glutinous rice amylose contents in landrace rice germplasm from various countries.
itical val
SV df 59 MSS F, C(;mca va ‘;e
0.01(3,3350)
SSB 3 2828.68 942.89 94.92" 3.79
SSW 3350 33278.74 9.93

SST 3353 36107.42
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Table 11. Statistics data table for ANOVA test on non-glutinous rice protein content based on geographical origin.

South Korea North Korea Japan China
n,=1,032 n,=994 n,=800 n,=528
No. A A? B B? C C? D D?
1 5.27 (5.27)° 5.47 (5.47) 5.41 (541 5.72 (5.72)°
2 5.30 (5.30) 5.78 (5.78) 5.43 (5.43) 5.85 (5.85)°
3 5.57 (5.57)* 5.82 (5.82)? 5.49 (5.49)* 6.15 (6.15)?
528 : : : : : : 16.48 (16.48)
800 : : 12.18 (12.18)
994 : : 15.61 (15.61)
1032 17.45 (17.45)
Mz, 8241.54 7,989.04 6,447.55 4,763.53
3 a? 67,364.86 65,550.65 52,937.43 45,185.30
(Yz,)? (8,241.54) (7,989.04) (6,447.55) (4,763.53)
n, 1,032 994 800 528
oz, 8,241.54 7,989.04 6,447.55 4,763.53
n, 1,032 994 800 528
(32,)% (8,241.54)° (7,989.04)? (6,447.55)? (4,763.53)?
n, 1,032 994 800 528
(21'1 + 2-1'2 + le + 21‘4)
21’14-21'2-0-2 +E (ny +ny+n,+ny)

S5T =(67,364.86+65,550.65+52,937.43+45,185.30)—
{(8,241.54+7,989.04+6,447.55+4,763.53)/(1,032+994+800+528) }
=6,517.06
Er L) ) e’ eyt Xyt Y+ M)
T, Ny ny (n1+n2+n3+n4)
SSB ={(3, 241 54)2/1,032-+(7,989.04)2/994+(6,447.55)*/800+(4,763.53)%/528 } —
{(8,241.54+7,989.04+6,447.55+4,763.53)/(1,032+994+800+528) }

=444.90
Qux)? Quwy)® Qo) (D)’
:(Zx%+2$g+zx§+zxz)_ Z 1 + E 2 + Z 3 + E 4
n Ny 77/3 ny
SSW  =(67,364.86+65,550.65+52,937.43+45,185.30)—
{(8,241.54)/1,032+(7,989.04)*/994+(6,447.55)*/800+(4,763.53)*/528 }
=6,072.16

Table 12. ANOVA table of non-glutinous rice protein contents in landrace rice germplasm from various countries.

Critical value

SV d S MSS F,
f (Fb.m (3,3350) )
SSB 3 444.90 148.30 81.82" 3.79
SSW 3350 6072.16 1.81

SST 3353 6517.06
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Table 13. DMRT table of non-glutinous rice amylose content in landrace germplasm based on countries of origin.

Origin Amylose (%) SSRo.01 LSRoo Amylose-LSRy DMRT
China 23.34 3.90 0.43 22.91 (23.34-0.43) 23.34
South Korea 21.55 3.80 0.42 21.13 (21.55-0.42) 21.55 21.45
Japan 21.45 3.64 0.40 21.05 (21.45-0.40) 21.45
North Korea 20.48 - - - 20.48
s T

Table 14. DMRT table of non-glutinous protein content in landrace rice germplasm based on countries of origin.

Origin Protein (%) SSR.01 LSRy.01 Protein-LSR .01 DMRT
China 9.02 3.90 0.20 8.82 (9.02-0.20) 9.02
Japan 8.06 3.80 0.19 7.87 (8.06-0.19) 8.06 8.04 7.99
North Korea 8.04 3.64 0.18 7.86 (8.04-0.18) 8.04 7.99
South Korea 7.99 - - - -
s s

Table 15. Amylose and protein contents of non-glutinous in landrace rice germplasm based on countries of origin.

Amylose (%)

Protein (%)

Origin - -
Mean” Min. Max. Mean Min. Max.
South Korea 21.554+3.34a" 10.00 35.07 7.99+1.23a 5.27 17.45
Japan 21.45+2.94a 10.10 33.91 8.06+1.10a 5.41 12.18
North Korea 20.48+2.76b 10.05 32.50 8.04+1.16a 5.47 15.61
China 23.34+3.75¢ 10.14 33.76 9.02+2.05b 5.72 16.48

“Mean meantstandard deviation.

Mean separation within columns by Duncan’s multiple range test at p=0.01.
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eom 53] WA oA NIRSE o]g3to] oftz AL AL
2, oA, AR, ek Brkskal Qlck(Park, 2005).
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