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Transcriptome Analysis of Photosynthetic Capacity of Exocarp of
Heterogeneously Pollinated Carya cathayensis
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( State Key Laboratory of Subtropical Silviculture Zhejiang A & F University Hangzhou 311300)

Abstract: [ Objective ]To elucidate the molecular mechanism for enhancing photosynthetic capacity of the exocarp of
Carya carthayensts fruits pollinated by Carya illinoensis in order to provide a theoretic basis for further research on
metaxenia. [ Method ] Transcriptome sequencing was performed for exocarp of C. cathayensis respectively pollinated by C.
cathayensts ( marked as hp) and C. illinoensis ( marked as pp) with samples collected 65 days after pollination ( 65DAP)
when the fruit rapidly expanding in size. Gene enrichment analysis was conducted for pathways of chlorophyll synthesis,
photoresponse and carbon assimilation in combination with variation in chlorophyll content, photosynthetic rate and
aclivity of key enzymes involved in the photosynthesis. [ Result JCompared to the fruit pollinated with hp, the chlorophyll
content, photosynthetic rate, Rubisco activity, and phosphoenolpyruvate carboxylase ( PEPC) activity of exocarp in the
fruit pollinated with pp were 1.31 ( P=0.047) , 1.12 ( P=0.000 43) , 1.65 ( P=0.036) , and 1.23 ( P=0.001 3) folds,

respectively. A total of 32 908 scaffolds were generated by transcriptome sequencing, and 66 photosynthesis—related genes
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were screened from 1 894 differentially expressed genes ( DEGs) ( P <0.05, fold change>1.5) , which were mainly
involved in pathways of chlorophyll synthesis and photosynthetic carbon fixation. The expression of magnesium—chelatase
subunit ( CHLH) , agnesium-protoporphyrin IX monomethyl ester [oxidative ] cyclase ( CRD) , and chlorophyll( ide) b
reductase( NYC) of the fruit pollinated with pp was significantly up-regulated while that of pheophorbide a oxygenase
( PAO) was significantly down—regulated in the chlorophyll biosynthesis pathway, and the expression of 16 light harvesting
pigment protein complexes ( LHCI[ ) -coding genes, ribulose bisphosphate carboxylase/oxygenase activase ( RCA) , alpha
carbonic anhydrase ( CA) in the photosynthetic carbon fixation pathway were significantly up—regulated. 42 genes involved
in photoprotection of exocarp are also showed significantly high expression in the fruit pollinated with pp than those in the
fruit pollinated with hp. [ Conclusion ] In the rapid growth period of Carya carthayensis fruits, the expression of magnesium—
chelatase subunit ( CHLH) , agnesium-protoporphyrin IX monomethyl ester [oxidative] cyclase ( CRD) , chlorophyll( ide)

b reductase ( NYC) , light harvesting pigment protein complexes-coding genes ( LHCI[ ) , light repair protein-coding genes
( PSAN, PSAB27, STN7) , 38 heat shock proteins ( HSP) , ribulose bisphosphate carboxylase/oxygenase activase ( RCA)

and alpha carbonic anhydrase ( CA) was significantly up regulated for the pp cross combination. It indicates that the

significantly up —regulated expression of genes involved in chlorophyll synthesis, light capture and carbon assimilation

mi ve related to the significan igher photosynthetic rate in the exocarp o cross combination.
ght be related to the significantly higher photosynthet t th p of pp binat
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Fig.1 Changes in appearance of Carya cathayensis fruits pollinated with two different pollens at 65 days after pollination
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Tab.1 Changes of several quality parameters of Carya cathayensis fruit pollinated with two different pollens

SR Tt

s L TR BT i TR il
Treatment f . 1“ Dry mass of Dry mass of Content of soluble 0il content
reatmen Oﬁzi?/gge single fruit/g embryo/g sugar( %) (%)
hp 6.19+0. 61 1.71£0.17™ 0. 600. 13" 29.55%" 66. 72%=0. 22% ™
pp 8.35+0. 63 2.14+0. 16 0.78+0. 15 30. 18% 68. 62%+0. 70%

(Dns: FRLBEESF: * :

FRTE 0.05 K 2R B E, o FIRTEO0.01 KPR EE. FI. Significant differences in C.

cathayensis fruits pollinated with two different pollens: % : P<0.01; * : P<0.05; ns: P>0.05. The same below.
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Tab.2 The changes in photosynthetic physiological parameters of exocarp of Carya cathayensis

fruit pollinated with two different pollens at 65 days after pollination

S AbF Treatments
Parameter hp pp
42 44 Chl content/( mg*dm™2) 16.63+1.69" 21.79+1.70
Al MR I Soluble protein content/( mgg™") 41.58+3.22™ 39.02+3.23
J4 3% Photosynthetic rate/ ( wmol*m™2min™") 8.0120.11* 9. 00+0.004
Rubisco {1 Rubisco activity/( mol-g™ ' min™") 350.93+30.99" 577. 64+122.82
PEPC %1% PEPC activity/( wmol *g™ ' min™") 324.16%13.51" 398. 02+8.65

R 3 EMIE 65 R(65DAP) H K reads BIRESiT R X ER "
Tab.3 Number of reads generated from each sample were sequenced and mapped to the

genome at 65 days after pollination( 65DAP)

\ — — r P o
sﬁjﬁi;e Ein ffi cﬁﬁ%i Clean bases/G Q200 %) Q30(%) . (;)sznf%) Toktzf(j;lrifed

65DAP_hpl 102304332 95453 610 14.32 96. 59 91.03 48.99 78 478 103 ( 82. 22%)
65DAP_hp2 112003208 106 467 510 15.97 96. 46 90.77 49.54 88 446 506 ( 83. 07%)
65DAP_ppl 114024 634 106 440 170 15.97 96. 36 90. 83 48.01 87 348 604 ( 82. 06%)
65DAP_pp2 104 603 482 99 918 970 14.99 96.73 91. 61 46.59 81 179 357 ( 81.25%)

@ hp: IWEHAER NS pp: MISTILEMAE R B IR B Sorts )T S8, UL 4 4758 1AL, GEat 44N STUR I 13 15 51 1 4G
AR A URE WP Clean bases: 7 51 A9 HOR LA I 17 51 AR BE, IR H6 46 L G B Q20( Q30) = Bl IRZE/N T 1%
(0. 1%) MYBIE: 5 1L GC & it Bk G A C ARRE SURN Ay B BRI I 40 Ll U S O: e AL B HEIA 2H E 1Y reads MR I SETTo
hp: Carya cathayensis XC. cathayensis( control group) ; pp: Carya cathayensis XC. illinoensis( experimental group) ; Raw reads: The original sequence
data, count the number of sequences for each file, four rows as a unit; Clean reads: The raw reads after filtering; Clean bases: The number of sequences
multiplied by the length of the sequence and converted into G; Q20( Q30) : The proportion of the base whose error rate is less than 1%( 0. 1%) ; GC
content: The percentage of nitrogenous bases on a RNA; Total mapped: The statistics of the reads that can be aligned to the genome.
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Fig.2 The distribution and the correlation analysis of all samples
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A. The genes distribution pattern of all samples; B. The Pearson’s correlation analysis of all samples.
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Fig.3 Heat map diagram of the expression levels of differentially expressed genes which are involved in plant photoprotection

ZFeih M lg( FPKM+1) o Gene expression data were normalized to lg( FPKM+1) .
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