
https://doi.org/10.1038/s41598-019-56620-7
mailto:xzhong8@163.com
mailto:lbgz1009@163.com


https://doi.org/10.1038/s41598-019-56620-7
http://www.moa.gov.cn/zwllm/tzgg/tfw/201202/t20120215_2481383.htm
http://www.moa.gov.cn/zwllm/tzgg/tfw/201202/t20120215_2481383.htm


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7
http://rapdb.dna.affrc.go.jp/


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7


https://doi.org/10.1038/s41598-019-56620-7
http://bioinfo.cau.edu.cn/agriGO/index.php
http://www.ncbi.nih.gov/geo/


https://doi.org/10.1038/s41598-019-56620-7
https://doi.org/10.1016/j.cj.2019.05.005.
https://doi.org/10.1016/j.cj.2019.05.005.


https://doi.org/10.1038/s41598-019-56620-7
https://doi.org/10.1038/s41598-019-56620-7
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	ï¿½ï¿½�O�p�t�i�m�i�z�e�d� �n�i�t�r�o�g�e�n� �m�a�n�a�g�e�m�e�n�t� �e�n�h�a�n�c�e�s� �l�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e� �o�f� �r�i�c�e� �a�n�d� �i�t�s� �m�o�r�p�h�o�-�a�n�a�t�o�m�i�c�a�l�,� �m�e�c�h�a�n�i�c�a�l�,� �a�n�d� �m�o�l�e�c�u�l�a�r� �m�e�c�h� �.�.�.
	ï¿½ï¿½�R�e�s�u�l�t�s�
	ï¿½ï¿½�E�f�f�e�c�t�s� �o�f� �N� �m�a�n�a�g�e�m�e�n�t� �o�n� �l�e�n�g�t�h� �a�n�d� �p�l�u�m�p�n�e�s�s� �o�f� �i�n�t�e�r�n�o�d�e�s�.� 
	ï¿½ï¿½�E�f�f�e�c�t� �o�f� �N� �m�a�n�a�g�e�m�e�n�t� �o�n� �a�n�a�t�o�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s�.� 
	ï¿½ï¿½�E�f�f�e�c�t� �o�f� �N� �m�a�n�a�g�e�m�e�n�t� �o�n� �m�e�c�h�a�n�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �a�n�d� �l�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s�.� 
	ï¿½ï¿½�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �p�r�o�f�i�l�i�n�g� �r�e�l�a�t�e�d� �t�o� �i�n�t�e�r�n�o�d�e� �g�r�o�w�t�h� �u�n�d�e�r� �t�w�o� �N� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.� 
	ï¿½ï¿½�E�f�f�e�c�t� �o�f� �N� �m�a�n�a�g�e�m�e�n�t� �o�n� �g�r�a�i�n� �y�i�e�l�d�.� 

	ï¿½ï¿½�D�i�s�c�u�s�s�i�o�n�
	ï¿½ï¿½�L�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �b�e�i�n�g� �s�h�o�r�t�e�n�e�d� �b�u�t� �b�e�i�n�g� �b�r�o�a�d�e�n�e�d� �a�n�d� �t�h�i�c�k�e�n�e�d� �u�n�d�e�r� �O�P�T�.� 
	ï¿½ï¿½�M�e�c�h�a�n�i�c�a�l� �s�t�r�e�n�g�t�h� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �b�e�i�n�g� �r�e�m�a�r�k�a�b�l�y� �i�m�p�r�o�v�e�d� �u�n�d�e�r� �O�P�T�.� 
	ï¿½ï¿½�L�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e�,� �p�l�a�n�t� �h�e�i�g�h�t� �a�n�d� �g�r�a�i�n� �y�i�e�l�d� �b�e�i�n�g� �m�o�d�e�r�a�t�e�l�y� �e�n�h�a�n�c�e�d� �u�n�d�e�r� �O�P�T�.� 
	ï¿½ï¿½�T�r�a�n�s�c�r�i�p�t�i�o�n� �o�f� �g�e�n�e�s� �r�e�l�a�t�e�d� �t�o� �e�l�o�n�g�a�t�i�o�n�,� �c�e�l�l� �w�a�l�l� �e�n�f�o�r�c�e�m�e�n�t� �a�n�d� �s�t�a�r�c�h� �s�y�n�t�h�e�s�i�s� �i�n� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �b�e�i�n�g� �d�i�f�f�e�r�e�n� �.�.�.
	ï¿½ï¿½�C�o�m�p�r�e�h�e�n�s�i�v�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �i�m�p�r�o�v�e�d� �l�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e� �u�n�d�e�r� �O�P�T�.� 

	ï¿½ï¿½�C�o�n�c�l�u�s�i�o�n�
	ï¿½ï¿½�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�
	ï¿½ï¿½�P�l�a�n�t� �m�a�t�e�r�i�a�l�s�.� 
	ï¿½ï¿½�F�i�e�l�d� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �a�n�d� �g�r�o�w�t�h� �c�o�n�d�i�t�i�o�n�s�.� 
	ï¿½ï¿½�V�e�r�i�f�i�c�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�.� 
	ï¿½ï¿½�M�e�a�s�u�r�e�m�e�n�t� �o�f� �i�n�t�e�r�n�o�d�e� �m�o�r�p�h�o�l�o�g�i�c�a�l� �t�r�a�i�t�s�.� 
	ï¿½ï¿½�M�e�a�s�u�r�e�m�e�n�t� �o�f� �m�e�c�h�a�n�i�c�a�l� �p�a�r�a�m�e�t�e�r�s�.� 
	ï¿½ï¿½�M�i�c�r�o�s�c�o�p�i�c�a�l� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e� �t�r�a�n�s�v�e�r�s�e� �s�e�c�t�i�o�n�.� 
	ï¿½ï¿½�T�o�t�a�l� �R�N�A� �e�x�t�r�a�c�t�i�o�n�.� 
	ï¿½ï¿½�M�i�c�r�o�a�r�r�a�y� �a�n�a�l�y�s�i�s�.� 
	ï¿½ï¿½�V�a�l�i�d�a�t�i�o�n� �o�f� �m�i�c�r�o�a�r�r�a�y� �d�a�t�a� �w�i�t�h� �r�e�a�l�-�t�i�m�e� �q�u�a�n�t�i�t�a�t�i�v�e� �P�C�R� �(�q�R�T�-�P�C�R�)�.� 
	ï¿½ï¿½�D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �y�i�e�l�d� �a�n�d� �y�i�e�l�d� �c�o�m�p�o�n�e�n�t�s�.� 
	ï¿½ï¿½�D�a�t�a� �a�n�a�l�y�s�i�s�.� 

	ï¿½ï¿½�A�c�k�n�o�w�l�e�d�g�e�m�e�n�t�s�
	ï¿½ï¿½�F�i�g�u�r�e� �1� �C�o�m�p�a�r�i�s�o�n�s� �o�f� �t�r�a�n�s�v�e�r�s�e� �s�e�c�t�i�o�n�s� �i�n� �t�w�o� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �o�f� �t�w�o� �v�a�r�i�e�t�i�e�s� �u�n�d�e�r� �t�w�o� �n�i�t�r�o�g�e�n� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�F�i�g�u�r�e� �2� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �f�o�l�d� �c�h�a�n�g�e�s� �o�f� �t�h�e� �s�e�l�e�c�t�e�d� �g�e�n�e� �e�x�p�r�e�s�s�i�o�n� �o�b�t�a�i�n�e�d� �b�y� �m�i�c�r�o�a�r�r�a�y� �a�n�d� �q�R�T�-�P�C�R�.
	ï¿½ï¿½�F�i�g�u�r�e� �3� �O�v�e�r� �r�e�p�r�e�s�e�n�t�e�d� �G�O� �t�e�r�m�s� �f�o�r� �D�E�G�s� �o�f� �O�P�T� �c�o�m�p�a�r�e� �t�o� �F�P� �i�n� �b�i�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s� �c�a�t�e�g�o�r�y�.
	ï¿½ï¿½�F�i�g�u�r�e� �4� �I�l�l�u�s�t�r�a�t�i�o�n� �o�f� �l�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e� �o�f� �r�i�c�e� �b�e�i�n�g� �e�n�h�a�n�c�e�d� �u�n�d�e�r� �O�P�T�.
	ï¿½ï¿½�T�a�b�l�e� �1� �T�i�m�i�n�g� �a�n�d� �r�a�t�e� �o�f� �N�,� �P� �a�n�d� �K� �f�e�r�t�i�l�i�z�e�r� �a�p�p�l�i�c�a�t�i�o�n� �u�n�d�e�r� �t�w�o� �n�i�t�r�o�g�e�n� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �i�n� �t�h�e� �f�i�e�l�d� �e�x�p�e�r�i�m�e�n�t�.
	ï¿½ï¿½�T�a�b�l�e� �2� �I�n�t�e�r�n�o�d�e� �l�e�n�g�t�h�,� �p�l�a�n�t� �h�e�i�g�h�t�,� �g�r�a�v�i�t�y� �c�e�n�t�e�r� �h�e�i�g�h�t� �a�n�d� �g�r�a�i�n� �y�i�e�l�d� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �3� �C�u�l�m� �d�r�y� �w�e�i�g�h�t�,� �c�u�l�m� �d�r�y� �w�e�i�g�h�t� �p�e�r� �u�n�i�t� �l�e�n�g�t�h�,� �a�n�d� �c�u�l�m� �d�r�y� �w�e�i�g�h�t� �p�e�r� �u�n�i�t� �v�o�l�u�m�e� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �4� �C�u�l�m� �d�i�a�m�e�t�e�r�,� �c�u�l�m� �w�a�l�l� �t�h�i�c�k�n�e�s�s�,� �a�n�d� �i�n�t�e�r�n�o�d�e� �v�o�l�u�m�e� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �5� �T�h�i�c�k�n�e�s�s� �o�f� �m�e�c�h�a�n�i�c�a�l� �t�i�s�s�u�e� �a�n�d� �c�e�l�l� �l�a�y�e�r� �o�f� �s�c�l�e�r�e�n�c�h�y�m�a� �i�n� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �6� �B�r�e�a�k�i�n�g� �r�e�s�i�s�t�a�n�c�e�,� �e�l�a�s�t�i�c� �m�o�d�u�l�u�s�,� �b�e�n�d�i�n�g� �m�o�m�e�n�t�,� �b�e�n�d�i�n�g� �s�t�i�f�f�n�e�s�s�,� �a�n�d� �l�o�d�g�i�n�g� �i�n�d�e�x� �o�f� �l�o�w�e�r� �i�n�t�e�r�n�o�d�e�s� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �f�e�r�t�i�l�i�z�e�r� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �7� �R�e�l�a�t�i�v�e� �e�x�p�r�e�s�s�i�o�n� �l�e�v�e�l� �o�f� �g�e�n�e�s� �r�e�l�a�t�e�d� �t�o� �i�n�t�e�r�n�o�d�e� �g�r�o�w�t�h� �a�n�d� �l�o�d�g�i�n�g� �r�e�s�i�s�t�a�n�c�e� �i�n� �Y�J�R�Z� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.
	ï¿½ï¿½�T�a�b�l�e� �8� �Y�i�e�l�d�,� �y�i�e�l�d� �c�o�m�p�o�n�e�n�t�s�,� �b�i�o�m�a�s�s� �a�n�d� �h�a�r�v�e�s�t� �i�n�d�e�x� �u�n�d�e�r� �t�h�e� �t�w�o� �n�i�t�r�o�g�e�n� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�.




