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Differential Analysis of Fatty Acid Synthesis, Transcriptional Metabo-
lism During Fruit Development and Postharvest in Oil Palm
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Abstract: Oil Palm (Elaeis guineensis Jacq.) is the most efficient oil-producing plant in the world. Fruit development is
the basis of yield formation, but rancidity occurs after 24 h of harvesting, which seriously affecting the quality of palm
oil. At present, the key regulatory genes and pathways for the differences in the synthesis of free fatty acid metabolism
in pulp development and postharvest fruits have not been identified. In this study, oil palm fruits were collected from 95
days (MS1), 125 days (MS2), 185 days (MS3), 24 h (MS4) and 36 h (MS5) after pollination. The second generation
high-throughput transcriptomics (RNA-Seq) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) were
used to analyze the transcriptomes and metabolomes of the fruits during the development and postharvest storage. The
unsaturated fat of oil palm was significantly higher than that of fatty acid during the middle and late stages of fatty acid
accumulation, LACH, LACHA-X1, FATA, FATB, KAS /, KASII, SAD1 were highly expressed in pulp and were positively
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correlated with oleic acid, linoleic acid, palmitic acid, palmitoleic acid acid, stearic acid and linolenic acid, DGAT and
PDAT were over-expressed in the pulp and negatively correlated with the content of the six fatty acids, indicating that
the expression of the above-mentioned genes may promote and inhibit the synthesis and accumulation of the fatty acids
in oil palm fruit, respectively, suggesting that LACS4, LACHA-AL, FATA, FATB, KAS /, KASIl and SAD1 may be the key
genes with high content of unsaturated fat during postharvest storage. GDSL2, GDSL7, SAD2, LACS9 genes and GDSL1,
KAT were positively and negatively correlated with oleic acid, and negatively and positively correlated with palmitic
acid, palmitoleic acid acid, stearic acid, linoleic acid and linolenic acid, respectively, suggesting that GDSL2, GDSL7,
SAD2 and LACS9 might promote oleic acid production and inhibit palmitic acid, palmitoleic acid acid, stearic acid, li-
noleic acid and linolenic acid production during rancidity, while GDSL1 and KAT might inhibit linolenic acid production,
suggesting that GDSL2, GDSL7, SAD2 and LACS9 are the key genes causing oil palm rancidity after harvest. The aim of
this study is to provide candidate genes for improving unsaturated fat content and altering fatty acid composition by using

molecular biotechnology, and to provide theoretical reference for screening unsaturated fat and storability varieties.
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Tab. 1 Dynamic changes in the accumulation of free fatty acid metabolites during the different
periods of the oil palm mesocarp
Uie s I 1y R AC 9 Uiie 2 G R & i Free fatty acid content/(nmol-g ")
Free fanylftceisd metabo- MSI MS2 MS3 MS4 MS5

C10:0 +%efR 375.30+2.18° 266.61+7.53° 206.91+7.89% 235.79+27.84° 181.36+5.92¢
C12:0 AR 6.52+1.24° 9.45+0.90° 8.91+0.59° 14.69+0.98° 27.72+1.35%
C14:0 N & R 20.10<1.12¢ 112.27+9.57° 101.73+6.41° 74.94+1.63° 256.81£16.17°
C15:0 i beh 6.49£0.71¢ 26.89+3.02° 36.51+3.20° 33.05£1.20° 104.44+4.09°
C16:0 FrHH R 401.84+4.91¢ 9126.63+78.99" 8060.21£29.05° 7844.82+127.83° 12946.03+515.78°
C17:0 +-Lhifz 14.20+2.04° 96.47+2.40° 103.22+6.84° 98.20+7.08° 282.87+23.12¢
C18:0 W5z 320.25+7.25° 1684.93£16.01° 1756.83+33.08° 1579.47+£24.29¢ 3270.60+35.02°
C20:0 fEA: 1R 0+0° 133.86+2.21° 75.33+7.70° 77.28+3.13¢ 330.68+17.26
C22:0 " hifR 35.44+4.19¢ 47.38+1.16" 42.29+3.76° 51.82+1.28° 134.03+3.51°
C24:0 — DU 53.07+4.15° 69.62+5.02° 63.93+5.45" 68.41+2.58° 209.2245.61°
C28:0 —F/\ iR 42.90+3.71° 65.53+3.91% 78.2749.84° 57.06+7.13% 59.38+5.61°
C30:0 —=1kefg 51.42+6.80° 57.87+2.61° 11.78+0.54° 5.40+0.21° 6.22+1.14°
C32:0 =+ " kefR 12.25+1.71° 37.60+1.29* 7.80+1.01° 4.41+0.06° 3.72£0.91¢
C33:0 =+ =4l 2.25+0.40° 12.34+0.49° 9.23+0.55° 9.12+0.83° 6.48+0.24°
C34:0 =+ ukem 0+0° 7.89+0.54° 7.88+1.06° 8.37+0.87° 5.58+0.80°
C35:0 =T kiR 0+0¢ 37.46%2.07° 33.8342.82% 31.87+3.36° 23.63+1.29°
C36:0 =T/ hile 0+0° 30.67+1.60° 29.48+2.47° 27.66+3.27" 20.57+1.11°
M FOAR iR i 1342.05+33.52¢  11823.46£117.77°  10634.14+87.70° 10222.36+151.03° 17869.34+561.23°
C16:1 ket iR 3.22+0.41° 182.91+9.05° 247.14+2.43° 153.08+4.42¢ 615.26+23.37°
C17:1 LR 0+0° 54.57+2.21¢ 125.01+4.82° 89.95+7.91° 264.69+13.90°
C18:1 iz 277.30+8.25¢ 31 536.14£590.09° 32 992.80+639.75° 29 659.44+638.48° 28 690.32+236.06°
C18:2 Wil R 88.94+2.96° 9508.93+231.18% 13 475.84+276.06" 10 080.90+276.06° 17 552.40+252.26"
C18:3 IR HR 50.36+0.46° 107.42+6.82¢ 237.34+4.09° 172.55+4.88° 560.86+6.84°
C19:1 Uk —se 0+0¢ 16.40+3.06° 29.67+3.29" 21.72+0.48° 71.95+4.65°
C20:1 —Trrsmma 0+0¢ 301.53+6.07° 395.73+7.06° 300.02+5.12° 726.46+7.22°
C20:2 ik —JiR 0+0° 2.07+0.15° 3.67+0.46° 2.49+0.18° 10.14+0.78*
C22:3 =R 0+0° 19.36£1.65° 19.44+1.43° 16.87+1.89° 23.20+1.46"
C22:4 —+ R VUAIR 0+0° 6.05+1.39% 5.60+0.73% 5.07+0.79° 7.29+0.69*
C22:6 — HRANIHIR 0+0° 10.09+0.97° 9.55+0.64° 8.18+0.40° 31.49+1.84°
C24:5 1 DUk FLIG IR 0+0° 9.49+1.12° 9.76+0.13" 7.72+1.49 8.19+0.57
C24:6 — T DUf /S MR 11.23+1.08° 47.89+1.74° 45.71+3.74* 42.614£3.21° 43.5242.19*

ARG T & 2 431.06£9.29¢ 41 802.85+403.30°
i i i e 1773.11£42.73° 53 626.31+465.61°

47 597.27+878.18°
58 231.41£939.06°

40 560.59+832.90°
50 782.95+956.43¢

48 605.78+312.90*
66 475.12+736.86"

TE: FATEERE ARG 5553278 A0 ) 22 5 3% (P<0.05),

Note: Different lowercase letters after the same line of data indicate significant difference among treatments (P<0.05).
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Dynamic changes in the accumulation of free fatty acid metabolites during the different

periods of the oil palm mesocarp
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Fig. 2 Statistical map (A) and Venn diagram (B) of up/down-regulated differential metabolites in
mesocarp of oil palm during different developments
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Fig. 3 Cluster heat map of differential metabolites clustering in mesocarp of oil palm during different developments
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Fig. 5 KEGG enrichment pathway statistics of metabolites and differential genes in oil palm at different development stages
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F2 HMERABFREAESEEPXEBEARIESTEFSREHRSSHEXES T

Tab. 2 Correlation analysis of key enzyme genes FPKM value and main free fatty acids content during development stage

BN g fif e K] FE AR (PR Rl R AR Lz IR BRI

Gene ID Enzyme gene Palmitic acid  Palmitoleic acid Stearic acid Oleic acid Linoleic acid  Linolenic acid
LOC105036494 LACSA 0.912" 0.999" 0.965" 0.963" 1.000™ 0.908"
LOC105047578 LACSA-X1 0.948" 0.999" 0.986" 0.985" 0.997" 0.861"
LOC105048939 FATA 0.967" 0.809" 0.915" 0.917" 0.787" 0.439
LOC105040257 FATB 0.945™ 0.764 0.883" 0.885" 0.741" 0.372
LOC105053059 KAS / 0.906" 0.693 0.829" 0.832" 0.666 0.274
LOC105053055 KAS /7 0.937" 0.748" 0.8717 0.873" 0.723 0.349
LOC105035148 DGAT3 ~1.000™ -0.934™ -0.988" -0.989" -0.920" —0.656
LOC105041806 PDAT1 -0.998" -0.906" -0.975" -0.976" —0.890" —0.602
LOC105049670 SAD1 0.818" 0.556 0.719" 0.998" 0.526 0.101

T SRR BEME (P<0.05), "FRARM B EMX (P<0.01),

Note:  indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).

=3 HMERAERBRRXEXEBERRZIESTIERBEHBSEEXELSH
Tab. 3 Correlation analysis between expression levels of key enzymes and contents of major free
fatty acids in postharvest oil palm pulp

BN g it A FERE TR FEAE IR TS TR AR BIATEivd A RRAR

Gene ID Enzyme gene Palmitic acid Palmitoleic acid ~ Stearic acid  Oleic acid  Linoleic acid  Linolenic acid
LOC105040663 GDSL1 0.967" 0.916" 0.9517 -0.818" 0.772" 0.931"
LOC105038476 GDSL2 -0.737" -0.625 -0.698 0.992" -0.387 —0.654
LOC105058819 GDSL7 -0.797" -0.693 -0.76" 0.976" ~0.469 -0.719"
LOC105048931 SAD2 ~0.694 -0.574 -0.651 0.998" -0.328 —0.604
LOC105051934 LACS9 -0.778" -0.670 -0.739" 0.982" -0.441 -0.697
LOC105059131 KAT 0.664 0.539 0.619 ~1.000" 0.083" 0.570

T SRR BEML (P<0.05), "FRWBEHEI (P<0.01),

Note: " indicates significant correlation (P<0.05), ™ indicates extremely significant correlation (P<0.01).
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