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We conducted a field experiment using hybrid and inbred sporophytes of Undaria pinnatifida, which
were produced by free-living male/female gametophytes each isolated from a single zoospore, and
compared their growth and morphological features to gain knowledge that will contribute to the
efficiency of crossbreeding. The hybrid sporophytes were produced by the parental strains whose
pedigree differed between males and females. As a result, those sporophytes were superior to inbred
sporophytes in growth index, such as total length, blade length, and blade width. In addition, hybrid
sporophytes with shorter genetic distance were found to be inferior to those with longer genetic distance
in growth index. This study shows that growth of U. pinnatifida hybrid sporophytes can be predicted
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from the pedigree combination of the gametophyte used for parents.
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Fig. 1. Maps showing the farming site of Eigashima in the Seto
Inland Sea. Closed circle shows the measurement site for seawater
temperature.
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Fig. 2. Sporophyte samples of Undaria pinnatifida used to breed
sporophytes which were used to isolate parental gametophytes. Scale
bar, 1 m. Photograph of sporophyte HG05 was not obtained.
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Fig. 3. Pedigree of Undaria pinnatifida gametophytes used to produce hybrid sporophytes and inbred sporophytes. The parentheses show the

gametophytic strain code.
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Fig. 4. Sporophyte samples of Undaria pinnatifida used to produce
parental gametophytes. Scale bar, 1 m.
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Fig. 5. Procedure for seedling production using free-living female and
male gametophytes and nursery cultivation of Undaria pinnatifida. (a)
Small seed collectors placed in beakers after spraying gametophytes. (b)
The collectors in the outdoor water tank. (c) The collector was placed at
a depth of about 1.5 m for nursery cultivation in Undaria farm.
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Fig. 6. Illustration of an Undaria pinnatifida sporophyte showing total
length (a), blade length (b), blade width (c), undivided blade width (d),
and divided (pinnate) blade length (e). SPAD value was measured at 4
points along the longest pinnate from the base to the top.
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Fig. 7. Sporophyte samples of Undaria pinnatifida, hybrid sporophytes (A-C) and inbred sporophytes (D), collected on March 14,

2023. Scale bar, 1 m.
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Fig. 8. Total length, blade length, blade width, total weight, and blade weight of hybrid sporophytes (A—C) and inbred sporophytes (D) of Undaria
pinnatifida at each sampling date. Different characters indicate significant group of means found with the Steel-Dwass’s multiple test (p < 0.05).
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Table 1. Soil and Plant Analyzer Development (SPAD) values, and ratios of several biometric parameters (only > 70 cm total
length) of Undaria pinnatifida hybrid and inbred sporophytes (collected on March 14, 2023 for SPAD values; on February 8, 27,
and March 14,2023 for the other values).
Sporophytes
A B C D
SPAD value 155+1.0¢° 152+ 1.4% 153+1.5¢ 16.5+1.8¢
BL/TL 0.85+0.02® 0.84 + 0.04* 0.84 + 0.02® 0.82 + 0.06 *
BWT /TW 0.89 +0.03* 0.87 = 0.04° 0.89 = 0.02* 0.88 + 0.07 *
UBW / BWH 5.46 + 1.03 »P 6.63 +1.51% 5.34 +1.223 4.57 +1.02°"
DBL/BL 0.34 + 0.04* 0.32 +0.06* 0.33 =+ 0.04* 0.34+0.08*
Data of ratios of several biometric parameters are shown as average + SD.
TL, total length; BL, blade length; BWH, blade width; BWT, blade weight; TW, total weight; UBW, undivided blade width; DBL, divided
(pinnate) blade length.
Letters a to ¢ indicate significant group of means found with the Steel-Dwass’s multiple tests (p < 0.05).
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Fig.9. Record of seawater temperature near the farming site (November
1,2022-March 31,2023).
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