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Fig. 2 The linear growth rate, branch number and diameter statistical distribution histogram of F; gametophyte
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Tab. 1 The characteristics statistics of 100 F; gametophyte rootstocks of Gracilariopsis lemaneiformis

5 /ind 5 /(%d™"y 5 /ind 5
o /(%-d™") the lin-  the branch number ~ /mm the diameter 1o, the linear growth  the branch number /mm the diameter
ear growth rate after 5 weeks after 5 weeks rate after 5 weeks after 5 weeks

1 4.30 5 1.6 51 3.92 3 1.9
2 6.40 1 1.9 52 3.61 2 1.9
3 6.09 3 1.8 53 4.72 1 2.0
4 3.50 3 1.5 54 4.30 2 1.7
5 3.92 1 1.4 55 4.15 1 2.0
6 7.12 1 1.9 56 5.50 2 2.1
7 6.40 2 1.8 57 4.37 2 1.7
8 5.56 2 2.0 58 2.48 2 1.9
9 7.31 2 1.8 59 4.64 1 1.9
10 6.95 3 1.8 60 3.03 1 1.7
11 5.56 3 2.0 61 5.13 1 1.8
12 3.68 2 2.1 62 3.13 3 1.8
13 7.64 2 1.9 63 3.03 1 1.8
14 341 4 2.0 64 5.89 1 2.0
15 3.92 1 2.1 65 4.95 3 2.1
16 5.92 1 1.9 66 3.92 2 2.1
17 6.20 2 2.1 67 6.69 1 2.1
18 4.95 2 2.2 68 5.37 3 1.7
19 5.50 2 1.7 69 4.57 2 2.2
20 7.43 1 1.6 70 4.47 2 1.7
21 5.75 4 1.8 71 341 1 1.9
22 3.13 2 1.6 72 4.30 2 1.6
23 6.28 2 1.8 73 4.15 3 1.9
24 3.92 3 1.6 74 3.41 2 2.0
25 3.92 1 2.1 75 3.50 3 1.8
26 2.82 2 2.0 76 4.95 1 1.8
27 6.59 1 1.8 77 5.45 2 2.2
28 4.30 2 1.8 78 5.13 3 1.8
29 6.54 1 1.8 79 3.61 3 1.8
30 3.03 3 1.8 80 3.50 1 1.7
31 6.95 1 1.6 81 4.95 2 1.8
32 6.63 3 2.1 82 5.24 2 1.6
33 5.37 3 2.0 83 4.77 2 1.8
34 4.57 2 1.8 84 3.92 2 1.6
35 4.57 2 1.7 85 4.30 2 1.7
36 4.95 2 1.9 86 4.47 2 1.7
37 5.75 3 1.7 87 4.47 2 1.9
38 4.77 3 1.7 88 6.78 1 1.6
39 3.03 2 1.7 89 4.47 2 1.6
40 3.27 1 1.9 90 5.37 2 1.7
41 4.64 1 1.6 91 3.61 2 1.8
42 3.03 2 15 92 4.30 1 2.0
43 4.64 1 1.5 93 7.12 1 2.1
44 4.95 1 1.9 94 5.75 2 2.0
45 6.95 2 2.1 95 2.48 3 1.7
46 3.50 4 1.6 96 5.75 1 1.8
47 2.00 1 2.2 97 4.57 2 1.8
48 3.68 1 2.0 98 5.17 2 1.9
49 4.15 2 2.0 99 3.92 2 1.7
50 6.09 2 1.7 100 4.21 2 1.8
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Tab. 2 Difference analysis for F; gametophyte of Gracilariopsis lemaneiformis
1%
character . o o . .
maximum  minimum average strandard deviation variable coefficient range
/%-d”" linear growth rate 7.64 2.00 4.76 1.28 26.79 5.31
/ind branch number 5 1 1.93 0.80 41.17 4.00
/mm the diameter 2.2 1.4 1.84 0.18 9.87 0.80
3.0%~6.0%/d R DTOSIS ,
, 7.0%/d : ,
3.0%~7.0%/d , ,
5% 20%, , Fy c [8-11]
Ci 5
100 3 ,
28 d 3
, 40% , , 3 20 47
) , Fi 93 , 0.499432 0.498858  0.49659;
32 , 0.240868,
) 0.258564
1.8 mm
3
b
, , 31 GL F,
5 Fl GL
Fy
2.3 DTOPSIS 26.79%, 19.41% !
100 GL F] ) > Fl
3( 10 ) 10.22%~41.67%!"]
%3 100 BRE F iR/ E B DTOPSIS #8459 #i 4 R
Tab.3 The DTOPSIS analysis results of 100 strains of gametophyte rootstocks
. . relative ap- distance to . relative
sequence number of  distance to  distance to nega- oach de- lsequence number of ideal result distance to nega-
q samples ideal result, S* tive ideal result, S~ p q samples > tive ideal result, S~ approach
gree, C; S degree, C
1 20 0.242 0.242 0.499 91 65 0.243 0.092 0.274
2 47 0.504 0.502 0.499 92 78 0.232 0.086 0.271
3 93 0.244 0.240 0.497 93 68 0.216 0.078 0.266
4 6 0.244 0.241 0.497 94 33 0.215 0.076 0.260
5 31 0.248 0.242 0.494 95 37 0.192 0.067 0.258
6 88 0.251 0.242 0.491 96 10 0.133 0.046 0.255
7 67 0.251 0.241 0.489 97 11 0.203 0.069 0.255
8 27 0.254 0.242 0.487 98 21 0.161 0.054 0.251
9 29 0.256 0.242 0.486 99 3 0.172 0.057 0.250
10 2 0.259 0.242 0.483 100 32 0.144 0.046 0.241
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F, gametophyte trait analysis of a new strain GL family of Gracilaria/
Gracilariopsis lemaneiformis (Rhodophyta)

LI Binbin, HU Yiyi, SUI Zhenghong, GUO Weihua

Key Laboratory of Marine Genetics and Breeding of Ministry of Education, Ocean University of China, Qingdao
266003, China

Abstract: Gracilaria/Gracilariopsis lemaneiformis is the second largest cultivated alga in China, with economic value
related to agar production and bioremediation potential by eliminating eutrophication. It is important to establish a ge-
netic breeding system for Gracilaria/Gracilariopsis lemaneiformis (GL) to promote sustainable development of the
mariculture industry. In the present study, 3 productive characters of the F; generation of GL gametophytes, including
linear growth rate, branch number, and central base diameter, were analyzed and evaluated using the DTOPSIS com-
prehensive evaluation method to convert qualitative comprehensive traits of F; gametophytes to quantitative indicators
of C; value, which is necessary to determine an ideal solution to improve breeding. Thus, characters of all strains were
comprehensively analyzed and provided evidence for future cultivar hybridization and selection.

Among the 100 individuals tested, the linear growth rate ranged from 2.0%/d to 7.3%/d, with an average of
4.76%/d (standard deviation, 1.28). Its variable coefficient was 26.79%, and that the difference among individuals was
significant. Branch number was unevenly distributed with extremely substantial variation. The mean value was 1.93
with a range from 1 to 5, standard deviation of 0.8, and variable coefficient of 41.17%; this was the most substantial
variation and a relatively large variation range. The average central base diameter was 1.8 mm, with a range from 1.4 mm to
2.2 mm, and standard deviation of 0.18. Its variable coefficient, 9.87%, had the lowest variation range and least vari-
ance difference among the three productive characters. All of the above three characters had normal distributions: Most
of the linear growth rates of F; gametophytes distributed between 3.0%/d and 6.0%/d; 40% of individuals had 2
branches after 28 days of culturing; and central base diameter mostly distributed between 1.6 mm and 2.1 mm. Standard
deviation analysis revealed large variation in the range of characters of the F, generation of these gametophyte plants.
Based on DTOPSIS comprehensive analysis, three productive characters of F; generation gametophytes were compre-
hensively evaluated, and 100 strains were ranked based on their C;value. The results showed that strains 20, 47, 93, 6,
and 31 were superior to the others because they had higher C; values, which indicates that they have a balance of ad-
vantageous growth rate, branch number, and central base diameter. These strains could be exploited for genetics-based
breeding before they reach maturity. In addition, adjacent strains ranked by DTOPSIS analysis had similar C; values,
whereas strains at either extreme showed substantial difference, which was consistent with the normal distribution.

The large variation among F; GL gametophytes of the three productive characters indicates that strains with sub-
stantial character differences can be chosen as parents for hybridization to obtain improved varieties. DTOPSIS analysis
intuitively measured comprehensive traits of F; gametophytes, which provides a theoretical basis for subsequent re-
search on strain selection and further construction of a Gracilaria/Gracilariopsis lemaneiformis genetic breeding system.
Key words: Gracilaria/Gracilariopsis lemaneiformis; F; gametophyte; traits analysis; DTOPSIS
Corresponding author: SUI Zhenghong. E-mail: suizhengh@ouc.edu.cn



