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Analysis of Growth Traits and Anatomical Structures
of Doubled Haploid Lines of Populus simonii x P. nigra
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Abstract Compared with traditional breeding method, the doubled haploid (DH) induction technology can
effectively shorten the breeding cycle and quickly obtain homozygous lines of trees. Due to the difficulty in
inducing DH in trees, it is hard to establish large-scale DH genetic populations, therefore, there are currently
few reports on the genetic variation of DH populations in trees. In this study, the growth traits, leaf phenotypes
and anatomical characteristics of donor tree of Populus simonii X P. nigra and four DH lines were analyzed. The
results showed that the DH lines had obvious growth defects. The height, ground diameter, number of stem
nodes, leaf length, leaf width and leaf area of DH lines were significantly lower than those of donor trees.
Anatomical analysis of the apical buds revealed distinct morphological differences in the apical meristem growth
points between donor trees and DH lines. The observation and analysis of the paraffin sections of the stems and
the tissue staining showed that the vascular cambium of DH lines was relatively smaller, the average area of
each vessel cell was smaller, and the number of vessel and fiber cells was significantly higher than that of donor
trees. This study revealed the defects of DH lines in secondary growth, and will provide a material basis for
subsequent research on the function analysis of specific genes and the optimization of breeding strategies.
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nodes length ; DT. Donor tree. *, ** represented a significant difference at the
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Fig.1 Phenotypic observation and growth indexes of 4-month-old DT and DH lines
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A. Leaf phenotype photos; B. Leaf area; DT. Donor tree. ** represented a significant difference at the 0.01 level.
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Fig.2 Leaf phenotypes and leaf area of DT and DH lines
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Table 1 Phenotypic characteristics of the Sth to 8th leaves of DT and DH lines

55 F6 1R F8
PN S The fifth leaf The sixth leaf The seventh leaf The eighth leaf
PIREER b e ki bk MR MR MR R ohKER Mk IHE DKM
DTand DH1ines [ eaflength  Leaf width Leaf Leaflength  Leaf width Leaf Leaflength  Leaf width Leaf Leaflength  Leaf width Leaf
fem Jem aspect ratio fem Jem aspect ratio fem Jem aspect ratio fem Jem aspect ratio

DT 7034193 6332720 119027 727188 7.204243'  1.03:0.11°  843:032° 830:036°  1.02£0.04' 9.13:035° 847£0.23" 1.08£0.02°

DH1588 26740.15%  2.47+0.58"  1.12:024°  3.20£0.10° 330017 0.97+0.08° 2.870.67° 290052 0.980.06° 290£026° 2.500.10° 1.16£0.07"

DH3-50 450£0.61"  3.57049°  126:0.03°  4.20:0.70" 3.87£049"  1.08£0.06" 437+0.58" 3.53:0.55"  1.24x0.04° 4.83£055" 3.97x0.12" 122+0.13"

DHI1717 3.63:0.81  2.53£0.61°  1.44£0.03°  3.40:044° 207021™  166:030° 3.73:047° 2.60:0.35  1440.04° 3.63:0.40° 270:026° 1342003

DHI1716 22350327 143023 156005 2374015 1.50£030°  1.610.22° 3.53+0.15% 2.17:0.31°  1.65:0.18° 3.73:047° 2332045 1.620.20*

T B AR IEE” s AN F)/ING P RERR ] — AN ) B (R B 2 [1] 22 e B 35 (P<0.05) s DT B
Note: The data in the table were “mean =+ standard deviation” ; different lowercase letters indicated significant differences among different gen-

otypes in the same phyllotaxy(P<0.05) ; DT. Donor tree.
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A. The terminal bud ; B. The terminal bud stained with toluidine blue ; DT. Donor tree.
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Fig.3 The top bud status and tissue staining of DT and DH lines
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A-E. Anatomical diagrams of the 3rd stem node of P. stmonii X P. nigra parents and different DH lines; F-]. Anatomical diagrams of the 5th stem
node of P. simonii X P. nigra parents and different DH lines; K-O. Anatomical diagrams of the 7th stem node of P. simonii X P. nigra parents and
different DH lines; P-T. Anatomical diagrams of the 9th stem node of P. simonii X P. nigra parents and different DH lines; U-X. Anatomical dia-
grams of the 11th stem node of P. simonii X P. nigra parents and different DH lines ; DT. Donor tree.
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Fig.4 The toluidine blue staining of stem nodes of DT and DH lines
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Fig.5 The number of vascular cambium layers in the

stem segments of DT and DH lines
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A-E. Anatomical diagrams of the 3rd stem internode of P. simonit X P. nigra parents and different DH lines; F-J. Anatomical diagrams of the 5th

stem internode of P. stmonii X P. nigra parents and different DH lines ; K-0. Anatomical diagrams of the 7th stem internode of P. stmonii X P. nigra

parents and different DH lines; P-T. Anatomical diagrams of the 9th stem internode of P. simonii X P. nigra parents and different DH lines; U-X.

Anatomical diagrams of the 11th stem internode of P. simonii X P. nigra parents and different DH lines; DT. Donor tree.
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Fig.6 The safranin-fast green staining of the stem nodes of DT and DH lines
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A. The number of vessel cells and fiber cells per unit area (mm?®) at the 11th stem node of DT, DH1588, DH3-50, and DH1717; B. The number of

vessel cells and fiber cells per unit area (mm®) at the 9th stem node of DT and DH1716; C. The area of a single vessel cell at the 11th stem node
(pm®) of DT, DH1588, DH3-50,and DH1717;D. The area of a single vessel cell at the 9th stem node (um®) of DT and DH1716;DT. Donor tree.

*, %% represented a significant difference at the 0.05 and 0.01 level, respectively. ns. No significant difference.
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Fig.7 Statistics of vessel and fiber cells per unit area of stem segments of DT and DH lines
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A-E. Anatomical diagrams of the 5th stem node of P. simonii X P. nigra parents and different DH lines; DT. Donor tree.

B8 MEGFEARFEDHARNEKRESZETHRRRELEER
Fig.8 The toluidine blue staining of 5th stem node of DT and DH lines
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