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Abstracts Sarcocarp color is an important quality trait of kiwifruit fruit. Kiwifruit fruit with different sarcocarp

colors have great differences in pigment composition, sugar and vitamin C content. We performed comparative
transcriptome analysis of ‘Jinshil® and ‘Hongshi2® sarcocarp, and developed EST-SSR marker based on the
differential expressed genes. Results showed that Achn385311 (3GGT) might be the major gene for the red
endocarp of ‘Hongshi2’, while the genes such as Achnl58981 (GT7), Achnl50731, Achn068721 (PAQ),

HemH: KMAHWEEAR VRS EEBRARR Y= HEHAREEREERTE SRS 1005 #E L 85E
(2020JDTD0032, 2021 YFYZ0023)., 0| 3 Gl F H A s A T 3 9 P N 45 R Bz =R gt wm B 3 [F 5 B



B Ok R P B PEAR AL ] S K EST-SSR i A
Development of Genes and EST-SSR Markers of Kiwifruit with Different Flesh Color

Achn282201 (PAO) and Achnl76251 (UGT71A16) might be related to the deep golden sarcocarp of “Jinshil’.
Based on the 230 differential expressed genes, we designed 727 EST-SSR primers, and 112 of them were
randomly selected for validation. Results showed the effective amplification rate reached to 69.64% and
polymorphism rate reached to74.36%. The identification of sarcocarp color related genes and related molecular
marker development would provided a theoretical basis for the study of kiwifruit flesh color and molecular
marker-assisted breeding.

Keywords Kiwifruit; RNA-seq: Anthocyanin; Carotenoids; EST-SSR

BRAEBE A8 BEBH Actinidiaceae ) BRHE L I8 (Actinidia LindL)RE4%, o [ tH AR50 B 8 B4 2 540
firhly, ZRE 8 REAERR. SENE ek, Rk RNSEEE, EAFPIFE K F N AF
AT 227 0L, 2013, Bl R, pp.233-257). HAT, RAB GRS EZLHF IR TE
bz —, ZFEMHEMEREGERT. SREROAEELNA. ZEMSARER AT, & L
90 SEACHT, HEFBRIMRPE TR dh #{UF ‘Hayward HCRIER A L F, BEE 1991 FHPE 2= 2500 F H 28 A b
Fi‘Hort16A™H1 1997 EPUNSEELRF HE LA MF LI G, BREpkdss i frag RS R+ =il kK
(Brevik et al., 2011). M4RE. KHY PERAEERERMBRERAZ G REEN 3 MER. WAL
U, RSt R PRS2 Bt (AL PR R S TP B SR AR B RBOHR  HE ZOR B PR A - AN BEFS 1L 8.4 (Huang
et al, 2004); PFABREBE s Fh (‘&3 1 S )MRAERKERKFVINESARN, REGIEPH TSR
FZET PR, TXME b RHE SIS M(Xia et al., 2021); LSRR SR R B all RIEE RE
FE [RI 7R AR 058 2 AF 456 S0 U 145 SR (Montefiori et al., 2005)-

HABENRR A S RATRAY FEEMX. HARERREDPEEEAKTRRAY FRIES
¥, K MCS SR T B08 R e Bl bk P 108 E MRS &, B GGPS. PDS. ZDS. CHX Fl PSY
FREMBTT, K GGPS M PSY FEH AT e 2 MBS bR 5 B A0 3 2 H 475 [A(Kim et al., 2010)-
X EREPE MYBT R TR DHREEAT 7R, RILKRER BGS E 4L R p-IMEESALLCY-B) 2R R R 31,
MITTESE bR & Ga 1 i < {F H (Ampomah-Dwamena et al., 2018). Jt4h, BRfEBETIHE b
AW ZERF A HER T LOY-p N RIE M2 7 iR BT = B 2% 7 3 IR (5 55, 2013).

AABEEEE AR TAREAEERMR, MAEH R AR 2R $5 % Bl (Montefiori et
al., 2009). HHRAEHREELMIEN, —RE2MILIET RSB HERN, 7B—F2EEEHERE
IEF R T AL R (E4E SR 55, 2018).  H ATFEBMEBE P o B & BRAEH R 452N 5 CHS. DFR. F3H.
F3GTI Fl F3GGTI (B LLN%, 2009; %125, 2010; Montefiori et al., 2011; 5K325%, 2012), 1% T 15 3k
R RRIEED, AFERFET AcMYBI0 F1 AdGL3 %52 U4, 2014; 2015).

Btk R A ERTE R E — M ERNEE, MELEABEE 2O AEENE, KRAERETZHE
EERENTE, RERfcaeamoticERecE, HabRkROaERIERBRAEE. KL
LB 205K 2 S R BRI Bk S 1 S N kIR ], R R, X HE A L R EEAS [ R B
HIAS A R PR B A SRR 22 e A (A, DAMAZ 48 HY o B bk (0 3K 5 PO SR BEE IR, R 20 F AR
B PR P 6 52 AL BT 90 B 2 i 4 B 7 R O ER R A -
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L1 BB R T1 A1 T3 R R AR E S

FRAR A 2L A S A SRR Bk S R SR R BRI AR S R I, B A R (T )R AR
WAFE AR, WANRERSAE, PREEa6, HEF T T3 WAL THES, Hasz2 5
WREIFIGEL G, PREGRERE, 31 5 NREMp R ARG, Ui T3 F 89 F R bR
PRI HH LIS () SX BN S (DR 3 HE 55, 2019a; 2019b). [AIE, XM dn il A R B S HH R B T1 A1 T3 B #A
MERERET . SREx, ERNRET, BEFAEFEREERE 359 4, H T1. T3 65 & FE
Al 1397, 623 PMEFZFRFOE(E 1A): P RS, WaFpiH A REEREA 432 4, HT1. T3 8
HAP dn A a] 0 B0 1037, 1394 PNEFEE R TR &L (E 1B).

A B

B a2 5 e | S RPMRERBINTPRESAREREERERSTH

A HREESERS R HSE %2 SR ISE &% 1 SRR B: PREERERSIER; HSO: 405k 2
FAMREG ISO: g F | SUAMREG TL: E/E0d; T3: 405 2 5796k 75 d sk | 5°7E)5 81 d

Figure | Gene statistics of significant differences between sarcocarp and endocarp in two cnitical developmental stages of 'Hongshi2
and Jinshil'

Note: A: The result of endocarp differential gene statistics: HSI: The endocarp of 'Hongshi2'; JSI: The endocarp of 'Jinshil": B: The

result of sarcocarp differential gene statistics; HSO: The exocarp of Hongshi2'; JSO: The exocarp of 'Jinshil"; T1: 0 d after flowering;
T3: 75 d after flowering for ' Hongshi2' and 81 d after flowerning for ' Jinshil’

L2 BN & T3 BT EIS R RARE N KEGG BEMT

o3 HIXE RS S T3 AR RSO 58 i R 7 25 B (R 3EHT KEGG B8 (B 1). ZEARES, 623
P ESFIEFPEED 73 P AFAEE S E 2), Hd 10 MEEE T RE EEP<0.05) (& 1), 75alR: K
FE AR BERE AR AN L% 1h(174, 2.35%) a5 E HU(66, 0.89%) T KZEEME R0, 0.54%). Ef5
REREACI(337, 4.54%). EREREYERQ09, 2.82%). &K, “HKEFEREBMESZNEYEKGS.
0.76%)- # P4 2 . s B RE A B A P05 158, 0.78%) JS AR A& (88, 1.19%) . BS & M {14 (66, 0.89%)
MieE ZEME (16, 0.22%). FRASREY, KEMEYENMETEEMEREETHENTESS
T B N SR B B A
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Figure 2 Pathway map of endocarp-specific genes in T3 stage

# 1 T3 WY R B R &l R
Table 1 Significant pathways of endocarp in T3 stage
id Bt

i PR B P {H

Pathway

Total number of genes

P value

TR R R R T A TR A

Pentose and glucuronate interconversions
R E R

Diterpenoid biosynthesis

EARFEETE N

Zeatn biosynthesis

HE 5 R Y A

Starch and sucrose metabolism

A H BT & R

10Phenylpropanoid biosynthesis

13

174

66

40

337

209

0.000 102

0.001 456

0.006 563

0.010 951

0.017 152




- FHEYIE

Molecular Plant Breeding

I, CARRREEMERRENEN SR
Stilbenod, diarylheptanoid and gingerol biosynthesis
AHEE, MERNCEREDER
Phenylalanine, tyrosine and tryptophan biosynthesis
3oy Clasky ey

Flavonoid biosynthesis

A = R

Tyrosine metabolism

T = B

Anthocyamin biosynthesis

it

Total

[di

140

56

58

58

66

16

7417

0.020 940

0.023 505

0.025 054

0.035 615

0.035 707

i P<0.05 MM ETHEGERENER
Note: P<0.05 indicates that there are sigmficant differences between the two varieties in T3 stage

EPRET, 1 394 MEFEFRNEEES 105 M AMEAEETE 3), KT 16 MERETREEEE
(P<0.05) (38 2), 7rald2: FEa M EY) & hl(88, 1.19%). 1S3

TN —

A Bk Pl FERIE B R & (56, 0.76% )
KA ARICH (69, 0.93%). FHEHRLEVIIBRRH0, 0.13%). FMERmMEIRNW45, 1.95%). EAMH
YhHE60, 0.81%) FTEIE ARG PR (24, 0.32%) PEFI B EARE 105 A(15, 0.20%). FAR R & R40,
0.54%). EHZEWEM(6, 0.22%). HEWEEE S F(517. 6.97%). HifliH43, 0.58%). =& HKEE
WA 30, 0.40%) EETCHH (44, 0.59%) o- TEFREE FXI51(59, 0.79% ) P i 549 & 1(209, 2.82%). |

R REYE, KEMEDESRAETREVSREBETIENTESZS 7Bk R e R .
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Figure 3 Pathway map of sarcocarp-specific genes in T3 stage

% 2 T3 i W R ol 5. E R

Table 2 Significant pathways of sarcocarp in T3 stage

i Lk HNNE e [R5 P{E
Pathway DGEs Total number of genes P value
FEMEYER 11 88 0.001 827
Flavonoid biosynthesis

B3R, CHRERREMERENEN SR 8 56 0.003 272
Stilbenoid, diarylheptanoid and gingerol biosynthesis

E SRl 9 69 0.003 489
Phenylalanine metabolism

B ERIE SRR AR 3 10 0.008 503
Degradation of aromatic compounds

e E ER R EE 13 145 0.013 150

Cysteine and methionine metabolism
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# B 7 60 0.017 254
Protein export

T T AR I 4 24 0.020 811
Limonene and pinene degradation

SR A e AR R AR ) & 3 15 0.027 302
Flavone and flavonol biosynthesis

EXREEDE K 5 40 0.032 089
Zeatin biosynthesis

TETT R M E 3 16 0.032 512
Anthocyanin biosynthesis

s ERESHT 32 517 0.038 479
Plant hormone signal transduction

fit X0 5 43 0.042 139
Sulfur metabolism

MR RRENFEY & 4 30 0.043 543
Brassinosteroid biosynthesis

AR 5 | 0.045 865
Propanoate metabolism

a- TP R 6 59 0.047 879
alpha-Linolenic acid metabolism

ARHNGERED & W 15 209 0.048 586
Phenylpropanoid biosynthesis

&t 333 7417 :

Total

i P<0.05 FAami M mFE T3 ERENER
Note: P<0.05 indicates that there are significant differences between the two varieties in T3 stage

L3I R R B ERER R

{£ Pathway S TP Q48R B, FERFIALASFE &R B3 SRR T EEER. XEANERNE
MRS A ol QM SC s iERE . 45 & 2 AT E SCHR AR 75 (Liu et al,, 2017; Xia et al,, 2021), AW 58 A xt{E#
. MgZELEHY PEESERERBT 7AW -

SHTERER, TIFRBINEES, MAERMILE 3 MERIBENEREE®FREI), A 21MEFR
O EMA 1 DY PEESHEERE. Hd Achnl76251 (UGT7IAIGE S 1 5 R IEFREE Fill, %
HEREGALTE RS & 5, 3-0-% & F B ¥ $2 i (Anthocyanidin 5,3-O-glucosyltransferase), &7 & & MR MN
TEEENN, HESE 1 5 HNREPRIALE DL 2 5 NRE® 39.99 fif, HENHIEEN] fe 2 EREE
b EEE TR ETSRERE A, T Achn385311 GGCDEL B MFhRALLEE LTS, HAE
A9 € # 5 2 (Delphinidin 3-O-beta-D-sambubioside), £7 149 FKCFHEN AT HE 5 8% b & U Rl
HEEtEE o, B R Achnl58981 (GTHHE T3 B, ‘&1 S AR R a2 S NEERILEN
76.10 15, ZEFRGPEE SR, REENE FiFREREEEENER, Hik, ERARED, ZER
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A fig 2 3 5 B AL A
%3 B AR K S R ERXNERERRE R

Table 3 Differential gene information related to coloration in endocarp of two varieties

A ID RPKM-HSI-T3RPKM-ISI-T3 {Z ¥ M B ThE
Gene 1D Fold change Pathway Gene function
Achnl76251 7.60 303.72 39.99 INE 4 T E 5.3-0-H S L E R
Anthocyanin biosynthesis  Anthocyanidin 5,3-O-glucosyltransferase
Achn385311 40.49 5.96 0.15 EHELR T E 3-0- W EHIT 270 M AL N
Anthocyanin biosynthesis Anthocyanidin 3-0-glucoside
2"-0-glucosyltransferase
Achnl58981 1.51 115.23 76.10 B FESEYES R iz p-Tl S GE AL EERE 7

Carotenoid biosynthesis  Abscisate beta-glucosyltransferase 7

i£: RPKM-HSI-T3: “415C 2 5 R B T3 i Wik & RPKM-JSI-T3: @5k | 5 AR T3 B H#A &
Note: RPKM-HSI-T3: Expression level of ‘Hongshi2’ endocarp at T3 stage; RPKM-JSI-T3: Expression level of T3 stage in endocarp
of “Jinshil’

AR, EEXPREMERERG B, KEEH WA 5RAGEMXPCRERGE ). H
B, B4E T A ERERER 3 MEFE RS M 4 S MRENGER, IR Achn068721 F1 Achn282201
B4 PAO BEEE S | S p BRIk EH A2 B b REE, i PAO B H S REMREIES EERN
(FBEH, 2013), XARERAMSGEBEMIOCHRIETE S, HTHAMPREESE T, T2 BE%E, H X1
S rh B IE T3 Wi #T A (IR, 2019a; 2019b), HARA R a] fE7E T PAO EEiGPEHGss, ok 743
ZMFEAE, SEREELNM.
#APRESEAHENERERNER

Table 4 Differential gene information related to coloration in sarcocarp

H A ID RPKM-HSO-T3 RPKM-JSO-T3 {i# e gtk P ThE
Gene ID Fold change Pathway Gene function
Achnl76251 23.94 340.14 14.21 [l w=qi't fEF & S3-0-G AR BN
Anthocyanin biosynthesis  Anthocyanidin
5.3-O-glucosyltransferase
Achn209671 92.57 3.66 0.04 EHEAM L1 Z5 /) 3-O-p-D- - B R Nk
Anthocyanin biosynthesis  Kaempferol
3-0O-beta-D-galactosyltransferase-like
Achnl76271 951.26 5526.87 5.81 AR w0 R 53-0O- TSR AR
Anthocyanin biosynthesis  Anthocyanidin
5,3-0-glucosyltransferase
Achn039361 15.91 3.14 0.20 HKEHE hEEAESR EAFiEA S
Carotenoid biosynthesis Zerumbone synthase
Achn304361 124.10 47.13 0.39 HEHE bEEYES R BEEEH
Carotenoid biosynthesis Hypothetical protein
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Achn140141 51.00 991 0.19 EME P EEWAR  UERIFEEHE RN 3
Carotenoid biosynthesis Nine-cis-epoxycarotenowd dioxygenase 3

Achn216521 14.09 203.82 14.47 Y FEEDER A A SrifE
Carotenoid biosynthesis Momilactone A synthase

Achn023561 98.66 216.88 2.19 I A 2 A i PH-S e B B 5 g M A
Porphyrin and chlorophyliIMagnesium-chelatase subunit  ChlH,
metabolism Chloroplastic

Achn036951 64.38 8.06 0.13 IR R - £ £ i F T loc107014587
Porphyrin and chlorophyllUncharactenzed LOCI07014587
metabolism

Achn068721 85.15 269.66 3.17 I b - 3 {0 i BHEEA
Porphyrin and chlorophyllHypothetical protein
metabolism

Achnl75851 51.59 17.71 0.34 mh -5 3 40 i HNE BT S P A
Porphyrin and chlorophyllCyanohydrin beta-glucosyltransferase
metabolism

Achn282201 16.64 52.50 3.16 s bk i -5 2 £ i EBEeEA
Porphyrin and chlorophyllHypothetical protein
metabolism

Achnl21561 94428 2 187.16 2.32 I b - 2 £ i VAR F A R R R
Porphyrin and chlorophyllGeranylgeranyl diphosphate reductase,
metabolism chloroplastic

Achn063441 28.67 69.24 2.42 IR 2 2 i TH- G A B 2 5 R T A

Porphyrin and chlorophyliIMagnesium-chelatase subunit  ChlH,
metabolism chloroplastic

i£: RPKM-HSO-T3: *41 5 2 5 o 1% T3 A 214 &; RPKM-JSO-T3: * &% | 5 £ T3 M &L E

Note: RPKM-HSO-T3: Expression level of "Hongshi2™ pericarpium at T3 stage; RPKM-JSO-T3; Expression level of T3 stage in

Pericarp of “Jinshil’

1.4 BRRHE R ABIE EST-SSR 4 FHricFF &

i 3 0k SR PO AR 2 230 4~ Unigenes #E{7 SSR 4047, 7ESSFAIBUBEERRE L, R T 727
A5 B EAER P B Z A L) EST-SSR frid. BEPLERRE 22 105 PEEHEAY 112 X560 3 FAFRBiEn 7
BB BERE A (P 4), BERSNE 7 Iy BEA I H AT sIIE 78 X, SIERI AN 69.64%: BAHLEN
H151 P35 H 58 X, ZEPEHAERN 74.36%-

X EA ZA1ER) 58 XF EST-SSR Frid #H4T B kL, KIVEE[FRTX 7 3 FUR BB AR A 30E
23 X (ki 39.65%), FH 7 AR T HEACHEN . 5 3R THEAENERA. 6 X E T 2% b FZHAEH, 3
Aot @ T ARG 2550, 1 RHE TS 2K 1 MR TS EREN, EEKE 387~2 592 bp (£ 5)-
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4 Bk P f EST-SSR 73 Ffric 7 Hr
iF: M: DL2000 DNA Marker; 1~7: J1,J2, H2, J2X, RX, Jinkui, Cuixiang; Eh &= M99 F 5

Figure 4 The analysis of EST-55RK Markers in Kiwifruit with Different Flesh Color
Note: M: DL2000 DNA Marker; 1~7: J1, J2, H2, J2X, RX, Jinkui, Cuixiang; The number in the figure represents the corresponding

primer sequence number

& 5 S nlariE g 3 Fhiiek RS AR EST-SSR M3 H{F R

Table 5 Identifies EST-S5R gene information of red, yellow and green kiwifruit pulp color

Hid A 1D R KE(p) KEGG-EE

No. Gene ID Classification Length (bp) KEGG-Annot

6 Achn002621 ZEHH%E =T 1353 SPho3; starch phosphorylase 3 (IC); KO0OO688 glycogen phosphorylase
Carotenoid [EC:2.4.1.1]

10 Achn005181 $His{bistE 1 647 Peroxisome biogenesis protein 5; K13342 peroxin-5
Oxidation

23 Achn012531 HsE{biEWH 1 254 Serine--glyoxylate aminotransferase; K00O830 alanine-glyoxylate transaminase
Oxidation /serine-glyoxylate transaminase/serine-pyruvate transaminase [EC:2.6.1.44

2.6.1.45 2.6.1.51]

33  Achn017721  #E4% s 411 Hypothetical protein; KO1810 glucose-6-phosphate isomerase [EC:5.3.1.9]
Suger

44  Achn028041 SeS1{EH 402 Hypothetical protein; K02703 photosystem 11 P680 reaction center D1 protein
Photosynthesis [EC:1.10.3.9]

50 Achn032211 #E{U i 1 167 Polygalacturonase Atlgd8100; K01213 galacturan 1.4-alpha-galacturonidase
Suger [EC:3.2.1.67]

52 Achn033551 #E{{ig 867 Hypothetical protein; KO8869 aarF domain-containing Kinase
Suger

53  Achn034261 #HsElfbiht 2202 Hypothetical protein; KO4733 interleukin-1 receptor-associated kinase 4
Oxidation [EC:2.7.11.1]

54 Achn034641 ZEHHE b= 387 Uncharacterized LOCI106368192; KI15744  zeta-carotene  1somerase
Carotenoid [EC:5.2.1.12]

59 Achn038381 ZEa5ER{TE 1 005 Adenine/guanine permease AZGI1; K06901 putative MFS transporter. AGZA

family, xanthine/uracil permease
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68

73

16

89

91

94

98

Achn039361

Achn040261

Achn044621

Achn046221

Achn047071

Achn(49951

Achn052661

Achn(53861

Achn054561

Achn058301

102 AchnO61261

104 AchnO61821

110 Achn085041

Flavonmd

RHY hEiCE 996

Carotenoid
P
Suger
A

Oxidation

R b H

Carotenoid
L
Suger
A
Suger
UESE AN
Chlorophyll
BT
Suger
FE A it

Flavonomd

EE RN AL

Carotenmd

K bRAH

Carotenmd

LA biE

Oxidation

FeEmafCiE

Flavonoid

1320

132

1230

2592

537

1 494

2433

1 167

1 653

1 488

1 143

1 530

Zerumbone synthase; KO9841 xanthoxin dehydrogenase [EC:1.1.1.288]

Aldo-keto reductase family 4 member C9; KO00011 aldehyde reductase
[EC:1.1.1.21]

Thioredoxin superfamily protein; K0O3386 peroxiredoxin (alkyl hydroperoxide
reductase subunit C) [EC:1.11.1.15]

3-Hydroxybenzoate 6-hydroxylase-like: KO0O0480 salicylate hydroxylase
[EC:1.14.13.1]

Pentatricopeptide  repeat-containing KO1176

alpha-amylase [EC:3.2.1.1]

protein  At2g04586(0;

ATP-dependent 6-phosphofructokinase 3: KOOB50 6-phosphofructokinase 1
[EC:2.7.1.11]

Hypothetical protein; K13071 pheophorbide a oxygenase [EC:1.14.15.17]

Trehalose-phosphatase/synthase 9;  KI16055  trehalose  6-phosphate
synthase/phosphatase [EC:2.4.1.15 3.1.3.12]
Omega-hydroxypalmitate O-feruloyl transferase; K15400

omega-hydroxypalmitate O-feruloyl transferase [EC:2.3.1.188]

Prolycopene isomerase, chloroplastic; KO09835 prolycopene isomerase

[EC:5.2.1.13]

Lycopene epsilon cyclase, chloroplastic: K06444 lycopene epsilon-cyclase
[EC:5.5.1.18]

Aldolase-type TIM  barrel family protein i1soform 1; KI11517

(S)-2-hydroxy-acid oxidase [EC:1.1.3.15]
Flavonoid 3'5-hydroxylase 2, KI3083

[EC:1.14.13.88]

flavonoid 3".5-hydroxylase

2 W
PERRE SHAER C, HE KR T, XIERHEERE MRS G YU R A=k E
FIEE. PEHF EEA ARG s E i, MEZSURES LT SHET, Finag 7R
RERE L R AR, ] TEE R A R AN FSEER AR AT . SRR RASEEES A
3R, ENERPIBAERE. AR ABEBEGRRSE, 2012, BEES, 2014). HEl, CLMERA
HERSREATHSZRSEAXR, HAREREASNEETERFRRATRHYE P ESHZRESE
FEfEME, SHEE AN REARHER, MAAREREFERH TRATETFRNHRZBERAZ LA
(Xia et al., 2021; Nishiyama et al., 2005; X%, 2012). 2013 Frh HEEZF H P EBEsk-40 >, 56l T
BBV EE 4015 T {F(Huang et al.,, 2013), A%EN 7 FEDFHE RIS E, (R R A &
SFHEMT. AR FCSHREARREENEENER, BRXTIMERAZIEE S FHE
H/AHWRIE. FFE, thEAEESE R ETPARERRERIEMER, HE2XTETE SR AH ML
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e A B

EH Rm AN HMERERIES, OESHERMEYER. BacaaloadiERgscE, ik
5L PR X BIF 7 B R 5 20 o AR AL AE B AW SR b b 7 A A BR R B R ALK 2 SR BRI st 1 B
REKFAETRAGENZEL, RIETI £ T2 BB, —FRABEEARME, EARER, HESR
SEREE TIR N, —FRLHEFEREREEN, UL2 8 hREERGE, NREFTHELR,
IR, Ak 15 p R AN R LSk 6. Xt 8 T3 i B 0] RE 2 Br bk R N 4% .00
KEERT HH(IREHZE, 2019a; 2019b).

AT K RNA-seq £ER, K20 RABRBEEE ST 20t 2 S M RGN &L 1 5 REKT T1 Ml T3
e B o B P R AT R S, SRR AT A LA A AN SRR N SR A R 2 R RA R, RPN
FSIEHE & 5.3-O- B A P B S B A Achn176251 (UGT71AI16)#E 452 1 5°T3 i AP 5 1 fncp 5
TEFAEMERE, MwmD CHRE RSN CHRERE Achn385311 (3GGT{ELLSE 2 5 T3 I I N R B2
mERIE, REAEDS), ZCGEERESHEDPCLS NS BEERS, 2018), HENZARENE AN R
FAE GRS ZEEH MmN ERIEM. REPNRAESEUESR, %1 5 NRKE T2-T4
YA B IRETESE, 2019b). CHBIFLRIL, FEELFE A (glycosyltransferase, GT)J2 & | ML I AL SR g
BEs, ENHEEEEEMER AR R4, ElhTE, OaisaE. . SHEaRdEER
. T Emdnieat, T, OEAEREESE) (Lietal, 2001). #4E%2006)IM A, 1
HaoOBFEERSHEHARIOR, —BRAEFREGHE LT B FHEEILCODEER 1 MMEmE 3
A, Btz mEeRE, PEECOCH)EER 0 MY £H| 2 4, BiRSaNaaRE, H AR
MCHE3fsfrEn i EREE, SRl o NmE 214, BEYTAEHEENSZHEK. dtHE,
Achnl76251 (UGT7IAI6)RERE &5 1 5 REP R EERIAA gERE N H 5 R AT EH X ERA AR
HEFER, HIjgenTgeN: (DEMRAERECE, BRI AEATREIREE.: Q) A “EIED W EH,
R et E R Y iuEE e R MR R R ATTH AR . 1 Achn385311 (3GGT)EEA v] RE =2 15 415C 2
SHNREAEFRERMELZER, XS5 UTQ017)H LA AR KRR ZIRRL S R E R4
WM& —B. B, WINFEEEIEED Achnl5898]1 (GT7)RERTE T3 M4k 1| S ARERIEER 4% 2
SNSRI 76.10 £, Z AR IR e B R T IR A R E GRG0 & A, Rl R SR AR A EEER.
HEEEERZ, T3 B, Achn068721 #1 Achn282201 W4~ PAO BR#E 45 1 S h R Rk EH 4
2 S R, 1 PAO B SRR PR CREECERE, 2013). Ak, ‘&L 1 S RAENAKERSIX
B A4~ [ o - 2 PR AR K

PRtk A RS, EEFFAEMSCERYEE. &L, UFEMRZEHEEFEHOMHIRERESE
MOHSRKAGE. MERZHHAZEERREE, LERPAZFAZRYANFAYR AR, SF R TEIE
Ik TR ARRASENEEEME S HRAPIrEENARERMS . #ER C IS ES
FHAAFAHERKESR, £ DNA KT LEARGREEZ M. AR T 727 X357k EST-SSR 45
id, ABEERABEHIRE 2 Finic B E MRt T EESE. RMHLA. WA, %W 3 #ARR
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PIERELR 7 DMEHARE A T R B E ik ki, /£ 78 X EST-SSR A ¥, A S8 xtAFE&M, A
23 X A[ X 4 AR R B BRI FE A, JFRE A e BT E R A, ikl ek BN B G
B XEEhRE R IEA B TR R B AR R 0 Fhnic i Bk £, BT EE. @ EERZEMWRER, v
IR BBt 5 M2, e M aiR, e EReE.

3RS

3.1 BB e

AGRIG LAALSE 2 S RIgsE 1| SR, Horpearse 2 52 00)1I1E B AR BR IR R Fi ke LA 20 PR o B
A, HEPR SFO612M N A KA E ML BRPE R . <&3£ 1 S 2 il B R B R0 7 B
TIPS 50 B B A SR bk R B R Bk, BAVERASHE. AR RGHEERSEET NS
B T I T B A DY )11 B AR BRI R 0T T b s bk AL 2R (31°13733.46"N, 104°01'9.54"E)-

KW TR s T PRSP R A2 BF B AR 2 e, Bl4rse 2 5 A9 /5 0 d (T1 B
W)L 75 d (T3 BPHR), 45K 1 S MFA{E)E 0d (T1 B FFFTESS 81 d (T3 BT ), 7 SR EZFA 5
FEABATHRAN T, BOMHHRE 2 M EMFERE. RN, HEBARETEHEM T

7R B S MEEMERL T, B EAME 30 & 1 501 K2 5°(02). &K 2 THE(J2X):
LR R 2 4052 2 §0(H2). 04137 HE'(HX2): S #] 2 32 % (Cuixiang). &% (Jinkui).

3.2 j& RNA X DNA £ R FERENTF

BRIEEE R RS RNA KAEYLE RNA SR SE(RIREMREAIRA R, Jb)#TiR, I )E
25 1.2% 35 IR R e vk E AT B B AGI . H55F 3 PRFFACH) S RNA FEIBF, £YFEE 2 K. RNA $#2H5¢
2 JE s e bR EMESREE R AR 5EM, {#H Nlumina HiSeq X ten il FFGHAT 8/, )
A Nlumina MK 5H(PE1S0)5HS . ZE[F4 DNA #2HU{# ] TSINGKE 4% DNA $2H0il 7 & of ).

33 KEGG &N

KEGG /&7 5 Pathway )+ B A JLE A, Pathway & EMEE E 087 LL KEGG Pathway A ¥.67, M
LIRS, FEdEENIE, HHE5ENMERAT M, EERTAERNPEEHEEN Pathway.
AW 9T IE B E 4 i R H KAAS (KEGG Automatic Annotation Server, http://www.genome.jp/tools/kaas/) ¥
., HREEFEFHS KEGG ¥l FE#ET BLAST [EAT3RHUEER KO H: 8, B =R FE S KAAS i#
TEED, SFEMEEEE N P<0.05.

3.4 EST-SSR 5|# %

B SR AL R AS [ SR R AR fh a3 W, BT X Fk 2 S B (R T e A HEON 45 e o ThRe, R
b5 A bk SR P I 2 A Y 230 /> Unigenes, {# ] MlcroSAtelitte (MISA) (http://pgrc.ipk-gatersleben.de/misa/)
FEF A IXLE Unigenes #E1T SSR (7 i &4k, HEREIFMEN: —BHRRDLER 7K, =& ETRERLER 5 X,
Mz frim/ b EE 4 K WEERAAGRTRE D EE 3 K, ikl A& & M0 SSR £ 5. FH Premier 5.0
(PREMIER Biosoft International, Silicon Valley, USA)HET5|#iit, WEB FESE . 51 G+C T EE
40%~60% ., B KR EIEHTE 45 °C~65 °C, TP ETE 100~350 bp, Ll 51905 T il 51 P08 KR A
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EARE 5°C, 514K 18~28 bp 22 [A]. 230 4~ Unigenes i% il H 727 %} EST-SSR 5|47
YE& TTMR

PhBEE . WREHERIZEE ST T, SEIRHT A SE RGR IR BRRRIRI S R i BT
BHZEHESE TALRPOHEMRELE: IEHREZEARVANTA, SFEHE, FHZEILREESER
Wit FEgit. B EESENR. SEEF AR RS RN 0.
2

AW I R W OB A AO AR A E KA = AR BB BE R oR & 15k . DY) AR S
£1(2020JDTD0032, 2021 YFYZ0023). VY 1] 7K 5 )37 A BA 5 37 % ZK 28 5 A0 J1] 45 A Fot e 2= 2 i 101 H S [F] B
f .
S 3CHR
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