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Screening of the key early warning genes involved in superficial scald of

Granny Smith apples

SONG Meijie, TAN Chunyan, LIU Cuihua, LI Rui, LIU Fangfang, REN Xiaolin"
(College of Horticulture, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Gene expression level usually changes before or with the ripening and senes-
cence in fruit. To identify the early warning genes for the incidence of superficial scald, the Granny
Smith apples during storage were subjected to transcriptome sequencing and qPCR analysis. [Meth-
ods] 950 normal Granny Smith apples with even size and without mechanical damage were harvested
at the commercial maturity stage from the Qianyang Apple Experimental Station. After harvest, the
fruits were immediately transported to the laboratory and stored at room temperature for 12 hours. Then
these fruits were stored at (0 £ 0.5) °C with 90% relative humidity. These fruits were randomly divided
into two groups, including a sampling group (150 fruits) and an investigation group (800 fruits). Then,
the apples in the investigation group were further assigned to the cold storage investigation group (200
fruits) and a shelf-life investigation group (600 fruits). For the sampling group, 9 fruits were randomly
selected at 0, 15, 30, 40, 50, 60, 70 and 80 d, and the ethylene production rate was measured at (0+
0.5) °C. After that the peel was immediately separated, frozen in liquid nitrogen and stored at —80 °C un-
til 80 d when Granny Smith apples were seen scald (the healthy tissue and scalded tissue were sampled
respectively). For the shelf-life investigation group, 40 fruits were randomly selected at 0, 15, 30, 40,
50, 60, 70 and 80 days, and their chromatic aberration was measured after transfer to room temperature
[(25+0.5) °C with 85% relative humidity]. Meanwhile, the incidence of superficial scald was also evalu-

ated. For the cold storage investigation group, the incidence of superficial scald was evaluated based on
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all 200 fruits at 60, 70, 73, 76, 79, 82 and 85 d, respectively. [Results] When Granny Smith apples
were stored at a low temperature for 70 days, slight symptoms of superficial scald appeared on the fruit
surface, and the incidence and disease index were 12.5% and 0.031, repectively; after 85 days of stor-
age, the incidence increased to 93.5%, and the disease index increased to 0.439. The ethylene produc-
tion rate increased slowly with the extension of storage time to 50 days and increased sharply after 50
days. The L* value was 78.46 after 15 days of storage and decreased significantly after 40 days. After
50 days of storage, the L* value showed a slight upward trend, and basically maintained at about 65.
The change of a* value was relatively stable during storage. After 40 days of storage, the b* value was
significantly higher than that after 30 days and remained stable at about 35 after 40 days. Based on the
apple genome database, 247 genes related to superficial scald were extracted and identified. 28 genes
with FPKM>>5 can be divided into 3 groups according to RNA-seq. For Group 1, the gene expression
level in normal tissue decreased with the extension of storage time, and the gene expression level in
room temperature storage was significantly higher than that in low-temperature storage. The expression
level of MD10G1321200 in low-temperature storage for 30 days was more than 3 times higher than that
for 50 days. For Group II, the gene expression level in normal tissue was higher during low-tempera-
ture storage, and there was a significant difference between 30 days and 50 days after low-temperature
storage. The gene expression level of Group III in diseased tissue was significantly higher than that in
normal tissue during low-temperature storage. The expression level of MD0O1G1106900 decreased grad-
ually, and it was higher in normal tissue than in diseased tissue. The expression level of
MD03G1059200 in low-temperature storage for 30 days was 44 times higher than that for 50 days. On
this basis, the trend enrichment analysis and relative expression of the above candidate genes were ana-
lyzed by real-time fluorescence quantitative PCR in Granny Smith apples during low-temperature stor-
age. The results showed that the expression level of MdPPO and MdPAL1 decreased at first and then in-
creased, MdPPO began to increase after 60 days of storage, and MdPALI began to increase after 50
days. The expression level of MdPODI and MdPOD?2 always decreased during low-temperature stor-
age, especially in the later stage, but the difference was not obvious. On the 80" day of storage, the ex-
pression levels of MdACO and MdPAL? in diseased tissue were significantly higher than those in nor-
mal tissue. The expression level of MdCAT?2 increased in the early stage of storage, reached the peak at
70 days of storage, and decreased at 80 days of storage. The expression level of MdCAT?2 in normal tis-
sue was higher. However, the expression levels of MdAFS and MdC3H increased significantly at 40
days and then decreased. The expression levels of MdAFS and MdC3H in 40 days were 1.94 times and
5.29 times higher than those in 30 days, respectively. The expression level of MdCATI increased sharp-
ly after 40 days, decreased sharply after 50 days, and then increased. [Conclusion]The superficial scald
of Granny Smith apples mainly occurred in the middle and late periods of low-temperature storage.
MAAFS, MdC3H and MdCATI can be used as early warning genes for superficial scald in Granny
Smith apples during storage.
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Fig.1 Incidence statistics scheme
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Fig. 2 Superficial scald grade chart
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Fig. 7 Changes of color and luster of Granny Smith apples during low-temperature storage
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Table 2 Coding genes of enzymes related to the occurrence of superficial scald in Granny Smith apples

5[5 Gene

FE [R5 Gene ID

MdACO
MAAFS
MdCAT
MdPAL
MdC3H
MdPPO

MdLAC

MdPOD

MD10G1328100,MD15G1205100

MD10G1310900,MD10G1311000

MD06G1008600, MD06G 1008700, MD06G 1009000
MD01G1106900,MD04G1096200,MD07G1172700,MD12G1116700, MD03G1121400,MD03G1121500
MD08G1242900, MD08G1243000,MD14G1198300,MD15G1218200,MD15G1436500, MD15G1436600

MD05G1318900,MD05G1319100,MD05G1319300,MD05G1319400,MD05G1319500,MD05G1319800, MD05G1320100,
MD05G1320200, MD05G1320500,MD05G1320800, MD10G1298200,MD10G1298300,MD10G1298400, MD10G1298500,
MD10G1298700,MD10G1299100,MD10G1299300,MD10G1299400

MD00G1014800, MD00G1014900, MD00G1015000, MD00G1190600, MD00G1190700,MD01G1146500, MDO01G1098800,
MDO01G1158900,MD01G1159400,MD01G1234800,MD01G1234900,MD01G1235100,MD01G1235200,MD02G1145100,
MD02G1163600,MD02G1264400,MD03G1000200, MD03G1000500, MD03G1056400,MD03G1076400, MD03G1087400,
MD03G1106500,MD03G1106600, MD04G1083900, MD04G1131200,MD04G1131500,MD04G1142300,MD04G1142400,
MD04G1142500,MD04G1142600,MD04G1142900,MD04G1147700, MD05G 1064600, MD05G1128800, MD05G1158300,
MD05G1229100, MD05G 1348500, MD06G1066000, MD06G1230100,MD07G1153000,MD07G1165500,MD07G1165800,
MD07G1213300,MD07G1227800,MD07G1227900, MD07G1254600, MD07G1307400, MD07G1308000, MD08G1005000,
MD09G1110500,MD10G1042300,MD10G1042400,MD10G1042500, MD10G1042600,MD10G1042700,MD10G1073700,
MD10G1132000,MD10G1151300,MD10G1323500,MD11G1000300,MD11G1000400,MD11G1057600,MD11G1058200,
MD11G1080900,MD11G1096500,MD11G1118900,MD11G1119000,MD11G1182500,MD11G1195700,MD12G1144300,
MD12G1144600,MD12G1156900,MD12G1157000,MD12G1157100,MD12G1157900,MD12G1161000,MD13G1026500,
MD13G1026600,MD14G1234800,MD15G1004400,MD15G1258600,MD15G1259300,MD15G1276600,MD15G1276700,
MD15G1328900,MD15G1412600,MD16G1029700,MD16G1147100, MD17G1098300

MD00G1088400, MD00G1112500, MD00G1190800,MD01G1034400,MD01G1034500,MD01G1034900,MD01G1162100,
MD01G1162400,MD01G1162700,MD01G1193400,MD01G1193700,MD01G1194000,MD02G1031200,MD02G1118700,
MD02G1124700,MD02G1138900,MD02G1139300,MD02G1167700,MD03G1012700,MD03G1012800,MD03G1012900,
MD03G1013200,MD03G1013300,MD03G1013600,MD03G1013700,MD03G1014000,MD03G1014200,MD03G1014300,
MD03G1014400,MD03G1014500,MD03G1059200,MD03G1084400,MD03G1147900,MD03G1223300,MD03G1274400,
MD03G1274500, MD04G1046400,MD04G1101700, MD04G1171700,MD04G1171900, MD04G1211800,MD05G1075100,
MD05G1224400,MD05G1240100,MD05G1243700,MD05G1306500,MD05G1345800, MD06G1038800, MD06G 1180500,
MD06G1180700,MD07G1230500,MD07G1230700,MD07G1230800, MD07G1230900, MD07G1301400, MD08G1027800,
MD08G1051200, MD08G1222600,MD08G1230700, MD08G1230900, MD09G1009900, MD09G1010000, MD09G1038600,
MD09G1039100, MD09G 1105900, MD09G1106000, MD09G1211000,MD10G1033300,MD10G1206100,MD10G1218200,
MD10G1225600,MD10G1321200,MD11G1004100,MD11G1015300,MD11G1015400,MD11G1015500,MD11G1015700,
MD11G1061000,MD11G1061100,MD11G1061200,MD11G1061400,MD11G1241100,MD12G1012500,MD12G1056000,
MD12G1121300,MD12G1201400,MD13G1086200,MD13G1097600,MD13G1097700,MD13G1150600,MD13G1152800,
MD13G1175300,MD13G1246700,MD14G1010300,MD14G1056000,MD14G1185700,MD15G1022200,MD15G1108300,
MD15G1172800,MD15G1238800,MD15G1252300,MD15G1279900,MD15G1294200,MD15G1321200,MD15G1321300,
MD15G1321400,MD16G1052000,MD16G1085600,MD16G1098700,MD16G1098800,MD16G1150800, MD16G1150900,
MD16G1153200,MD16G1177000,MD17G1040100,MD17G1092400,MD17G1093600,MD17G1093700,MD17G1193700,
MD17G1265200,MD17G1265300

35U E. Group IT 15 PR 7 G 3 1) , gk
R B H A Rk 2wy, HAERIR 830 d 550 d
() 2= 5 N 2% . Group 11T 36 PR E G i I gk 34
V) R 43 35k DAL FR 95 B AL 20 v 30k i W 3 o T ek
RIZAL, Hr, K MD10G 1298500 £ A i )t ik
WA IR, s 5 SR N B R B HAg R R B 2
TR EFERERE, FEEMD03G1059200 7E1K
TEIE5EE 30 d B Y R0k f i TRk 50 d i 304 &
44150l o 2 b, MdAFSOMD10G1311000) MdACO
(MD10G1328100) « MdCATI (MD06G1008600)  Md-

CAT2(MD06G1009000) \MdPALI(MD01G1106900)
MdPAL2(MD07G1172700) \MdC3H(MD15G143660-
0) \MdPPO(MD10G1298200) UL & MdPODI(MD10-
G1321200) - MdPOD2(MD03G1059200) 1] ft L5 S |
VAR B TS AR AEAH I (] 8) 6

FE L EEA b, TR T 33 SR AT 5 Zm E )
HURE , % F S 9% )6 € & PCR AT DA b i 346 &
KT E R LA R RIE ST, S5 RERM, 1%
FIER KRBT 0 VU A 3A . 7RI T 395 SRR IR
Tk IR, A IR 5 D 4 MdPPO SE R R0k &
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Fig. 8 Heat map of expression of genes related to superficial scald of Granny Smith apples during low-temperature storage
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