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Classification of Panicle Types Governed by Several Major Genes
Applying the Principal Component Analysis
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Table 1. Strains used in the experiment

Strain No. Name or origin Genotype
A-32 Faren-bozu Ur
N-54 Megurosakae-a Ur
N-55 Megurosakae-b Ur
H-85 Linkage tester Ur d,
H-86 do Ur d,
H-131 do Ur ri
H-230 do Ur nl
H-232 do Ur Dn
N-53 Mutant strain (Dn) Dn
H-462 Linkage tester Dn
H-463 do Dn
H-137 do Dn nl
H-147 do Dn dyy
H-482 do lx
H-483 do lx nl
H-484 do sp
H-485 do sp
H-486 do sp Cl
H-487 do sp Cl
H-337 do Cl
H-488 do Cl
H-489 do Cl ri
H-490 do i
H-491 do ri
H-68 do 7i
A-23 Daikoku dy
A-26 Ebisu dy
A-28 Ebisu-mochi ds
N-57 Kamikawa-bunwai dyp
H-103 Linkage tester nl
N-59 Kairy6-bézu-mitsury (Dense panicle strain) unknown
E-49 Byorai-B-41 g6 (Dense panicle strain from Taiwan) unknown
FE-59 g}e{:;sestp;atxilci)gle strain from Aomori prefectural Agric. unknown
H-310 Linkage tester (Dense panicle) unknown

Bozu-5 gb (Cultivar in Hokkaido)

Ishikari-shiroke ( do )

Eiko ( do )

Yakara ( do )

Shiokari ( do )

Hayayuki ( do’ )

Narukaze ( do )

Ishikari ( do )
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Table 2. Characters used in principal component analysis
Character Explanation
1.  No. of spikelets per panicle Panicle of main culm
2. No. of primary branches do
3. No. of secondary branches do
4. No. of branching points on Value of this character is always less than that of no.
panicle axis of primary branches because two or more primary
(“Danst” in Japanese) branches arise from one point on panicle axis
5. No. of spikelets per primary No. of spikelets setting on primary branches/No. of
branch primary branches
6. No. of spikelets per secondary  No. of spikelets setting on secondary branches/No. of
branch secondary branches
7. Percentage of spikelets on No. of spikelets setting on secondary branches/No. of
secondary branches spikelets per panicle
8.  Verticillate index of primary No. of primary branches/No. of branching points on
branch panicle axis
9. Branch index No. of secondary branches/No. of primary banches
10.  Panicle length Length from neck of panicle to tip of panicle
11.  Substantial panicle length Length from the branching point in the bottom of pani-
cle to tip of panicle
12.  Length of primary branch Total length of primary branches/No. of primary
branches
13.  Length of secondary branch The mean length of secondary branches on the primary
branch arose from the point near the bottom
14.  Unhulled grain length
15. ” width
16.  No. of panicles per plant
17. Culm length measured in the main culm
18.  1st internode length do
19. 2nd » do
20. 3rd ” do
21.  1st leaf sheath length do
22, 2nd » do
23, 3rd » do
24.  1st leaf blade length do
25,  2nd ” do
26.  3rd ” do
27.  1st leaf blade width do
28. Culm diameter 2nd internode
29.  Culm wall thickness do
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Fig. 1. Ur-,

Panicles of normal-, lzx-, C[-,
ri- and sp-types (From left to right).
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Table 3. Characteristics of paniclein the six kinds of groups. The mean values
of each group were indicated by percentages as compared with those
of the normal group (calculated on the data in sparse planting)
Mean value Group
Character of normal

group Ur Dn lx sp Cl ri
1. No. of spikelets per panicle 111.8 230 117 15 37 134 106
2. No. of primary branches 9.8 150 111 89 68 112 99
3. No. of secondary branches 21.0 250 150 43 17 156 123
4. No. of branching points? 6.6 135 101 88 66 98 41
5. No. of spikelets® 55 54 61 16 95 79 86
6. No. of spikelets® 3.09 130 94 32 54 99 90
7. Percentage of spikelets¥ 54.3 151 77 90 27 125 111
8. Verticillate index® 1.48 111 112 104 105 90 256
9. Branch index 2.15 171 137 48 25 136 124
10. Panicle length 182 (cm) 106 83 95 84 115 79
11, Substantial panicle length 182 (») 106 83 95 55 115 79
12, Length of primary branch 72 (»n) 105 7 115 60 101 108
13. Length of secondary branch 136 ( » ) 178 65 143 40 44 103
Note: 1} on panicle axis, 2) per primary branch, 3) per secondary branch,

4} on secondary branches,

5) of primary branch.
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Fig. 2. The effect of plant density on number
of spikelets.

Note: LSD at the 0.05% probability level was
calculated as 25.6 by using the data of
42 strains in sparse and dense plant-
ngs.
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Fig. 3. The effect of plant density on substantial
panicle length.
Note: LSD at the 0.05% probability level was
calculated as 2.38 cm by using the data of
42 strains in sparse and dense plantings.
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Table 4. Factor loading (indicated by percentage), eigen value and contribution
obtained from principal component analysis calculated on the data in

sparse planting

Factor

Character I i3 " w v v Vit
1. No. of spikelets per panicle 83 —49 —13 4 9 —10 3
2. No. of primary branches 85 —20 —25 5 1 —17 15
3. No. of secondary branches 80 —54 -5 9 —4 —16 4
4. No. of branching points? 58 —14 —68 —6 13 —23 4
5. No. of spikelets? —10 17 21 —40 73 23 —15
6. No. of spikelets® 47 71 11 —-17 30 -10 —21
7. Percentage of spikelets? 54 —76 15 6 -5 -7 -2
8. Verticillate index® 25 — 3 79 18 —27 11 13
9. Branch index 55 —75 16 13 -3 —4 —1
10. Panicle length 62 24 —60 19 —18 23 -10
11. Substantial panicle length 81 -5 —37 —2 -7 34 2
12. Length of primary branch 73 -7 -2 1 —28 54 15
13. Length of secondary branch 62 —56 -5 —11 -5 16 —23
14. Unhulled grain length 37 67 -5 9 —24 5 3
15. » width 33 2 47 45 15 22
16. Na. of panicles —53 -1 —14 -31 —10 -9 56
17. Culm length 80 45 18 —9 —6 —3 —26
18. 1st internode length 73 10 18 —45 13 32 10
19. 2nd »” 70 40 15 —25 —23 6 —-31
20. 3rd ” 66 45 16 14 —11 —29 —-35
21. 1st leaf sheath length 81 25 -2 —36 -2 3 10
22. 2nd »” 81 38 14 —12 -10 —19 7
23. 3rd ” 67 60 1 6 9 —35 13
24. 1st leaf blade length 85 17 —22 -5 7 24
25. 2nd »” 82 30 -7 29 —5 18
26. 3rd ” 66 47 —0 21 31 —26 11
27. 1st leaf blade width 74 —21 7 31 23 14 27
28. Culm diameter 91 —22 12 6 -8 -9 —-11
29. Culm wall thickness 7 41 —20 59 38 38 —11
Eigen value 12.8 49 2.2 1.6 14 1.3 1.1
Contribution (%) 441 16.7 7.7 5.5 48 45 3.7
Cumulated (%) 60.9 68.5 74.0 78.9 83.3 87.1

Note: 1) on panicle axis, 2) per primary branch, 3) per secondary branch,
4) on secondary branches, 5) of primary branch.

BLspBHORA2TREAL X VHLM/NEL, FE,
1, 2 B R O fET 5 Dn BE LR 1 kB D
B X DERBEARDL, L 2REEELZE LB
SPEEDEHA L FEBR I hi, 2REFEEDE LIEW

ClEEFEOE - rilfO A2 7141,
X D‘Q‘”@’J‘éﬁ‘oﬁ‘_o

Thth, EHHF

Fig. 4 &k », Ur, Dn, Iz, sp RICCEBHOK I
AR Utehs, mi i CLBRBERICEeh o,
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Table 5. Factor loading {indicated by percentage) after rotation
calculated on the data in sparse planting
Factor

Character 1 - - w v Vi I
1. No. of spikelets per panicle 31 89 ' —12 8 21 -5 —0
2. No. of primary branches 52 67 —-21 11 24 —18 -9
3. No. of secondary branches 28 91 —2 1 16 —18 2
4. No. of branching pointsl 35 48 —68 13 15 —~14 —11
5. No. of spikelets? 3 —15 -3 8 —6 90 2
6. No. of spikelets® -3 88 -3 —12 —4 31 12
7. Percentage of spikelets® -5 92 16 —-11 9 —8

8. Verticillate index® 16 14 86 —8 10 -8 9
9. Branch index -5 92 19 -3 9 -9
10. Panicle length 36 44 —26 21 68 —8
11. Substantial panicle length 38 12 —45 36 55 -32 21
12. Length of primary branch 25 36 16 13 82 -—12 6
13. Length of secondary branch 1 77 -7 -9 36 5 25
14, Unhulled grain length 60 —34 2 15 30 —22 14
15, ” width 24 23 58 40 —2 —1 —6
16. No. of panicles —25 -35 -9 —32 —6 -5 —65
17. Culm length 82 12 9 1 28 7 42
18. 1st internode length 51 29 11 —11 58 43 —0
19, 2nd ” 68 6 —17 40 5 47
20. 3rd ” 79 9 7 8 -3 —14 50
21. 1st leaf sheath length 74 25 -8 —12 47 14
22, 2nd »” 88 18 9 —6 23 —5 9
23. 3rd ” 96 -1 -3 17 -0 -7 —1
24, 1st leaf blade length 71 33 —4 49 6 —9
25. 2nd » 80 29 21 23 22 —8
26. 3rd ” 84 11 —3 40 —6 4 —2
27. 1st leaf blade width 34 62 19 44 27 1 —15
28. Culm diameter 52 71 11 2 25 -9 24
29. Culm wall thickness 8 —24 —6 86 10 7 18

Note: 1) on panicle axis, 2) per primary branch, 3) per secondary branch,

4) on secondary branches, 5) of primary branch.
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I OB AL LTI ENH L 2 L fent, BVHA

FEBNT, d, ds, dig DL 0l BHTHRED A
STREREBIONCH -T2, A-26H-8D L)
Rdy B ETBRMDA 2 T HIEEBELREETH - 7
WoT, daid, MMOBMBETERLD, ORI OB
Brexh T o EHEEAEZR S R,

@ FMBLUFEIVRFLRZRATSH

Fig. 5 R RTror, HIHIRFRI-C, LkEE
O BEE T vl B DT E 1o, 8 VIETFIL
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Dn-group
(® Dense panicle strains
(genotype is unknown)
% Ix- group
X sp-group
W C/-group
A ri-group
Q dwarf
® Normal - group

Fig. 4.
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EREHEL TG, L1l SUEFCRsTCIEEE
Urgrihlczioc, FURTFLEVIRTFEAV
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LREFITE I, UEofERM»S, 6 HoBRES T3
THEEFE TR FRET S 6 DORMEA DL O IEE

Scatter diagram of 42 strains in 2nd and 5th components calculated
on the data in sparse planting.

By, TR TE L,
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TR LB O 2 KEEE—IE L CERS DTy, &
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on the data in sparse planting.
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R L, 1 REERAEEYRLTH HLET R, 7
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B, rie kb L RERE DR R B X - T
bhbEELILRD, UL, MORKEL—EH M~
DRIEETRE e olee Eie, 1 REEEAEERYE

Scatter diagram of 42 strains in 3rd and 6th components calculated

(Symbols are the same as in Fig. 3.)
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Dense «— Sparse

sp \X

Fig. 6.

Scatter diagram of 42 strains in 2nd and 5th components calculated

on the data in both sparse and dense plantings. (Symbols are the

same as in Fig. 3.)
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Fig. 7.

Scatter diagram of 42 strains in 3rd and 6th components calculated

on the data in both sparse and dense plantings. (Symbols are the

same as in Fig. 3.)
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Summary

It is known that the gene for undulate rachis,
Ur and the gene for dense panicle, Dn exert their
pleiotropic effects on the various characteristics of
panicle and plant body (KINOSHITA et al. 1979).
In this report, the authers intended to classify
panicle types caused by the six kinds of major
genes applying the principal component analysis.

The genotypes and the nature of the materials
are listed in Table 1. They were grown in the
paddy field with two types of spacings, namely,
sparse (30.2 cm X 14.5 cm) and dense (30.2 cm X 4.8 cm)
plantings. Principal component analysis was used
for the 29 kinds of panicle and plant body char-
acters in sparse planting. Furthermore the ortho-

gonal rotation by normal varimax method was

applied for the transfer to so-called “simple struc-
ture” by using the 7 kinds of principal components
which showed comparatively large eigen values.
Four factors showed relation to panicle type and
three factors were concerning to plant type. The
1Ind factor was considered as the factor of numbers
in panicle. It is highly correlated to number of
spikelets, number of primary branches, number
of secondary branches, number of spikelets per
secondary branch, percentage of spikelets on
secondary branches, branch index and length of
secondary branch. On the other hand, the Vth
factor was considered as the factor of length in
panicle correlated to panicle length, substantial
panicle length, length of primary branch, 1st in-
ternode length, 1st leaf sheath length and 1st leaf
blade length.

By using the scores in IInd and Vth factors,
five groups such as Ui, Dn-, {z-, sp- and normal-
were classified without overlapping variation. In
addition, 7i-group was classified by using the IIIrd
factor concerning to verticillate index of primary
branch. The use of IInd and VIth factors regard-
ing number of spikelets per primary branch was
effective for the classification of Cl-group from
the other six groups. Thus Ur-, Dn~, lz-, sp-, Cl-,
ri- and normal-groups were classified by the use
of the four factors concerning to panicle type.

The similar analysis was also performed by using
combined data in both dense and sparse plantings,
and the orthogonal rotation was attempted. Al-
though the scores of the each factor were modified
by plant density, the classification of seven groups
was not affected.

Further, the action of six kinds of major genes
responsible for panicle type were not aftefcted
by dwarf or other major genes, and the classifica-
tion were stable for the change of cultivating con-
dition such as plant density.



