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Abstract

The study was conducted to investigate the possibility that epigenetic
DNA  methylation might cause tree phenotypic variation In
autotetraploids through evaluating the phenotypic variation and DNA
methylation 1n autotetraploids occurred spontaneously from diploid
trifoliate orange. Chromosome analysis confirmed that fourteen plants of
trifoliate oranges selected by flow cytometry were tetraploids (2n=36)
without any aneuploid. CMA staining determined that these plants were
all autotetraploids with double chromosome set. Tree phenotypes, such
as tree height, tree width, branching number, branching length,
branching angle, internode length, and leaf characteristic, were varied
in the autotetraploids. There was no significant difference 1in the
photosynthetic rate, however, chlorophyll indexes were diverse in the
autotetraploids. In addition, a wide range of variation was observed in
stoma density and guard cell length. Analysis of global cytosine DNA
methylation showed that there was a variation of the methylation level
in population. More than half of 14 autotetraploids had at least 2 times
higher than that of diploid trifoliate orange. The results indicated that
tree phenotypic variation in autotetraploids might be related to global

DNA methylation for reducing gene redundancy.
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Fig. 1. CMA analysis of diploid trifoliate orange Kkaryotype (A), Giemsa
stained chromosomes from young leaf cells of tetraploid trifoliate orange (B),

and CMA analysis of tetraploid trifoliate orange karyotype (C).
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Table 1. Plant growth characteristics of autotetraploidy trifoliate orange.

) T.ree Tree Branching Branch length Branching Internode Tree
Accession no. height width (n0.) (em) angle length growth
(cm) (cm) ' (cm) habit
1 57 46 5 276£15"% cd® 63.0+80 ab 19.3t1.8 hd SUY
2 99 64 7 27243 cd 66.845.0 ab 21.4£16 abc SU
3 98 62 2 344+1.0 bed 68.0+64 ab 17605 c U
4 102 42 8 215+17 d 64.8+79 ab 178+21 ¢ U
5 94 62 8 29.0£3.1 cd 588+52 ab  21.8%#1.8 abc S
6 79 67 5 291444 cd 58.0+£73 ab  20.3%£1.0 abc SU
7 106 46 1 294+1.2 bed 682497 ab 179+15 ¢ U
8 110 58 7 40.1+6.0 a 50.4+£12.1 bc 19.9+1.0 bc S
9 109 45 7 22.3+0.7 d 80.0£6.7 a 18.0+24 bc U
10 110 58 2 38616 ab 46.0£6.0 ¢ 242+25 ab SU
11 87 52 5 26.6+£2.3 cd 65.6£7.1 ab  23.0%£25 abc SU
12 80 39 3 32.6+£0.7 abc 54.0#98 bc  21.0+1.3 abc SU
13 85 70 3 346+1.4 abc 826+36 a 20.3+2.0 abc U
14 110 66 6 26543 cd 73.0£10.0 ab  26.2+29 a U
Control” 112 70 6 34.0+£25 abc 63.0+44 ab  20.3x1.3 abc U

"Mean separation within coloums by Duncan’s multiple range test at P = 0.05.

*Mean * standard error

YU: Upright, SU: Semi-upright; S: Spreading type.

” Diploid trifoliate orange
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Fig. 2. Variation of tree growth habit. A, upright;

spreading type.
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Table 2. Leaf growth characteristics of autotetraploidy trifoliate orange.

Accession Length Width Thickness lljemolf
no. (mm) (mm) (mm) (e net
mm)
1 28.0x2.3 e 16.2+0.6* bcdef®  0.31£0.01 abc 11.0%£1.4 bed
2 36.9+2.7 abc 17.7£2.5  bcdef 0.30£0.02 abc 11.8%0.9 bc
3 28.5£0.9 de 14.7£0.9  def 0.30£0.01 abc 11.5%0.9 bc
4 31.5+1.4 bcde 16.5£0.3  bcdef 0.27£0.02 abc 8.0£0.7 de
5 37.7£2.5 ab 18.1£1.4  abcde 0.27£0.01 abc 15.1%£1.2 a
6 35.6£1.7 abcd  18.5+0.8 abcd 0.25£0.08 ab 9.7£1.1 cd
7 29.9+£2.7 cde 14.3+1.2 ef 0.34£0.02 a 6.6+0.4 e
8 40.7£2.1 a 20.7£1.3 a 0.28£0.01 abc 10.1£0.9 bced
9 34.4+2.7 abcde 18.0£0.8 abcde 0.22%£0.01 ¢ 10.3x0.6 bcd
10 31.3+2.8 bcde  15.5%1.5  cdef 0.28+0.01 abc 5.3£0.8 e
11 38.2+2.9 ab 20.1£1.8 ab 0.27£0.03 abc 13.1£1.4 ab
12 32.1£0.9 bcde 17.1£1.5 abcdef 0.24%0.01 bc 10.3£0.6 bcd
13 32.1£1.2 bcde  14.7£0.6  cdef 0.25+0.01 abc 12.0£1.2 bc
14 38.2%£3.3 ab 18.9x1.2 abc 0.32%£0.03 ab 12.4+1.3 abc
Control” 29.9x2.1 cde 13.7£04 f 0.27£0.02 abc 13.3x0.7 abc

*Mean separation within coloums by Duncan’s multiple range test at P = 0.05.

YMean * standard error
“Diploid trifoliate orange
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Table 3. Photosynthetic rate and SPAD value at the leaves of autotetraploidy

trifoliate orange.

Photosynthesis rate

Accession no. o 1 SPAD value
(umole CO2'm “s
1 20.9£0.6° a” 59.3+1.2 cde
2 19.9+0.8 ab 71715 a
3 20.0£1.1 ab 57.0+0.6 de
4 18.7+0.3 abc 75.5+2.2 a
5 19.2+0.7 abc 55.3+2.6 ef
6 19.1+0.6 abc 66.1+2.4 b
7 20.8+0.7 a 73.0+x1.7 a
8 20.1+£0.8 ab 64.2+1.9 bc
9 19.3+0.5 abc 73.4+1.8 a
10 19.2+0.2 abc 65.2+1.8 cd
11 19.7+0.5 abc 57.3+x1.7 de
12 16.5+0.9 d 485+0.8 g
13 17.9+0.7 bed 61.2+2.4 bede
14 19.4+0.5 abc 50.8+2.8 fg
Control” 175+0.6 cd 62.0+1.1 bcd

*Mean separation within coloums by Duncan’s multiple range test at P = 0.05.

YMean * standard error
“Diploid trifoliate orange
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Table 4. Stomata characteristics of autotetraploidy trifoliate orange.

Stomata density

Accession no. Guard cell length (um)

(No./mm”)
1 119.0+ 2.6 cd” 46.7£1.0 a
2 130.0+10.4 ¢ 42207 b
3 1245+ 55 de 42207 b
4 132.8+11.1 ¢ 285+1.1 d
5 123.0+ 7.2 cd 42.4+0.9 c
6 1658+ 3.7 b 33.0£0.3 b
7 1285+ 3.1 ¢ 415£1.1 b
3 107.8+ 45 def 43.0£09 b
9 123.8+ 4.7 cd 425+0.7 b
10 97.0+ 2.1 f 49.6+0.6 a
11 100.0+ 2.7 ef 40.4£2.3 b
12 107.3+ 2.0 def 40.2£0.8 b
13 114.8+ 6.5 cde 425%1.1 b
14 1315+ 23 ¢ 41.8+09 b
Control” 210.3+ 3.0 a 31.3+1.0 cd

*Mean separation within coloums by Duncan’s multiple range test at P = 0.05.
*Mean * standard error
“Diploid trifoliate orange
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Fig. 3. Stomata prints of abaxial epidermis in tetraploid (A) and diploid (B)

trifoliate orange.
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Fig. 4. Chromatograph of global cytosine DNA metylation from standard

solution (A) and a autotetraploidy trifoliate orange (B).
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Table 5. Frequency of global cytosine DNA methylation at the leaves of

autotetraploidy trifoliate orange.

Global cytosine DNA methylation

Accession no. (%)

1 7.1£0.6 cd’
2 14.1£0.7 b
3 7.7£1.7 cd
4 7.6%0.7 cd
5 8.0x05 ¢
6 7.8%0.7 cd
7 12.7£0.8 b
8 6.5£0.6 cd
9 13.4£0.1 b
10 6.4%0.7 cd
11 145£0.8 b
12 15.0£0.5 ab
13 176£24 a
14 13.7£04 b

Control” 4805 d

*Mean separation within coloums by Duncan’s multiple range test at P = 0.05.
YMean * standard error
“Diploid trifoliate orange
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