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Developing vision-based analytic algorithms and software to

dynamically measure key traits in seed germination

ZHAO Jianhua® 2, ZHOU Jie!, DING Guohuil, SUN Gang?, XU Lingxiang!, GUAN Xueying®, ZHOU Ji
(1. Academy for Advanced Interdisciplinary Studies/Plant Phenomics Research Center, Nanjing Agricultural
University, Nanjing 210095, China; 2. College of Artificial Intelligence, Nanjing Agricultural University, Nanjing
210031, China; 3. College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310029, China; 4.
National Institute of Agricultural Botany/Cambridge Crop Science, Cambridge CB3 OLE, United Kingdom)
Abstract: [Objectives] Seed is one of the most important research topics in plant research. The ability of dynamically detecting key

1,4%

seed germination traits provides important phenotypic evidence for researchers to understand plant survival, growth, development, and
reproduction. Here, we proposed a set of algorithms for quantifying germination-related traits by combining automated image analysis,
graph theory and supervised machine learning techniques. [Methods] Utilizing Poaceae such as wheat (Triticum aestivum) as a model
plant, we applied automated image analysis together with machine learning algorithms (e.g. K-Nearest Neighbors, Support Vector
Machine, Random forests) to train foreground and background objects, followed by background segmentation and object extraction
based on image series collected from three weak gluten wheat varieties. Then, graph theory and two-dimensional skeletonization were
employed to dynamically analyze changes of radicles and radicle tip positions to measure key germination-related traits in a high-
throughput manner. [Results] We have collected a range of phenotypic traits in this study that were difficult to obtain through traditional
approaches, including seed length, width, area, perimeter, radicle and seedling length, and their growth rates. We applied a linear
regression analysis to validate the computational results with manual scoring, the square of the correlation coefficient, R?, computed
for traits such as radical length, radical growth rate and seedling length are 0.922 (n=188, P<0.001, , RMSE=1.727), 0.719 (n=191,
P<0.001, RMSE=0.406), 0.897 (n=115, P<0.001, RMSE=2.726), respectively. [Conclusions] The results suggest that the algorithm
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and open-source software presented here can reliably obtain dynamic seed germination traits, which can also be extended to other crop
species such as cotton (Gossypium barbadense) and oilseed rape (Brassica napus), providing phenotypic evidence and smart analytic
solutions to enable studies in plant genetics and crop breeding.

Keywords: seed germination; dynamic phenotypic analysis; automated image processing; supervised machine learning; wheat
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Fig.1 Technical roadmap of research, data collection, graphic user interface (GUI) of the analysis software, data labelling of
foreground and background objects, and pre-training results
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Fig. 2 Phenotypic analysis of initial seed germination traits such as grain-level phenotypes and imbibition in the first hour
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Fig. 3 Analysis workflow and phenotypic analysis of seed-based traits at the reactivation of metabolism phase (38" hour)
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Fig. 4 Analysis workflow and segment overlapped radicle skeletons using graph theory and skeleton reconstruction techniques
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Fig. 5 Analysis workflow and phenotypic analysis of seed-based traits during the seed germination and seedling

development phases
3 EXR G

AR EUG P A G, St AR CSV S0, WIga TR B4 MO EE . S8R, K. i
Bo B HIERERE: EArEL. R RER. R, RAEKER, ZFrE. 1. 2
K ZFEML ZFEARULGRFFLIB RS IR IREAR, R, RAEKER. HEGHEERR,
ﬁ&AﬁﬁﬁRﬁﬁ PR MR R e o =K

3.1 MFYREEREAEDSREDITFHOEA

>



6 FFLYIREF L MRS
Fig. 6 Dynamic analysis of the seed-based radical emergence trait
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Fig. 7 The result of traits quantitative analysis and linear regression analysis and the application of dynamic detection algorithm
4 #ip
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