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Identification of Universal QTL Intervals and Candidate Genes Associated with Fruit
Firmness in Peach Based on Meta-Analysis

Liu Zi—ang
(Institute of Pomology, Jiangsu Academy of Agricultural Sciences, Nanjing, Jiangsu 210014 )
Abstract: Peach (Prunus persica (L.) Batsch) is one of the most important deciduous fruit trees in China. Fruit firmness is a core agronomic
trait affecting its commercial quality, storage and preservation capacity, and market competitiveness. It directly determines the harvest period,
shelf life, and transportation loss of fruits, and is also closely related to the edible quality such as taste and flavor of fruits. Fruit firmness is a
typical quantitative trait controlled by multiple genes with complex genetic background, and is easily affected by environmental factors (such
as temperature, light, water and fertilizer conditions) and cultivation management measures. Traditional phenotypic selection breeding
methods have long cycle and low efficiency, making it difficult to quickly cultivate excellent peach varieties with appropriate firmness.
Quantitative Trait Loci (QTL) mapping is a core technology for analyzing the genetic basis of quantitative traits, which has been widely used
in the genetic research of peach fruit firmness. Many research teams have mapped a large number of QTL intervals related to peach fruit

firmness by constructing different genetic populations and adopting different molecular marker technologies. However, due to differences in
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genotypes of genetic populations, molecular marker density, phenotypic identification accuracy, and environmental conditions, there are great

differences in QTL intervals reported in different studies, and most QTLs have poor stability and universality, which are difticult to be directly
applied to Marker—Assisted Selection (MAS). As a systematic analysis method for integrating data from multiple independent studies,
Meta—analysis can effectively eliminate the limitations of a single study, integrate QTL information from different studies, identify universal
QTL intervals that are stably present under different genetic backgrounds and environmental conditions, improve the accuracy and reliability
of QTL mapping, and provide precise target regions for subsequent candidate gene mining and functional verification. In this study, we
systematically collected QTL mapping data related to peach fruit firmness published at home and abroad, used Meta—analysis method to
integrate different genetic maps, and identified universal QTL intervals associated with peach fruit firmness. Combined with the annotation
information of the Peach Genome Database (Genome Database for Rosaceae, GDR), candidate genes related to cell wall metabolism,
hormone signaling pathways, etc. in the intervals were screened. Key candidate genes were verified by methods such as candidate gene
expression analysis and literature comparison of known functional genes. Finally, the core QTL intervals and high—confidence candidate genes
controlling peach fruit firmness were clarified, providing theoretical basis and technical support for the molecular genetic improvement of
peach fruit firmness trait and accelerating the breeding process of excellent peach varieties. In this study, 3 core universal QTL intervals
controlling peach fruit firmness were identified, which were located on chromosomes 4, 6, and 8, named qPFH4.1, qPFH6.1, and qPFHS.1,
respectively. The length of qPFH4.1 interval was 1.23 Mb, qPFH6.1 interval was 0.98 Mb, and qPFHS8.1 interval was 1.05 Mb. 8
high—confidence candidate genes were screened, namely PpPG1, PpXTH9, PpEXP1, PpPME1, PpTHE1, PpNACI1, PpCuAO4, and
PpERF2. These genes are mainly involved in the synthesis and degradation of cell wall polysaccharides, and the regulation of ethylene and
abscisic acid (ABA) signaling pathways. Their expression patterns are significantly correlated with the changes of peach fruit firmness, and are
highly consistent with the functions of fruit firmness—related genes reported in previous studies. The results not only enrich the genetic
regulation mechanism of peach fruit firmness, but also provide precise targets for peach molecular marker—assisted breeding, which has
important theoretical and practical significance for promoting the high—quality development of the peach industry.

Keywords: peach; fruit firmness; meta—analysis; QTL interval; candidate gene; molecular breeding
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TR HEAE B Canbric Bt . IR RS | PIARic R 55 ),
(5) W HE R EBMIATRESC ., #0830, SBEECAE,
HEBR AR R RS FILRISCHk;  (6) HEBRE R LR
SCHiR, X6 [R5 A T [R]— st AL BRI R A 2K QTL
SENIRESE, AR BB e e . SRR ) — e SOk
oW TG | XA A SCHRIE T 40 B S A A e
G, BN A FEAREUTIUN E: (1) BFgeA
f5R, WIEMEE | KRB WIS  BHERFAAL B

PRIV SEARTERIR | ARIREE CUndsi | AF0n Ut
855 (2) BAFRIEER, AR TARICHE | ARicBeE

FIEREE PRGSO IR e R (AniEat
FESPRREORRIRTNOER ) 5 (3) QTLEMARFEL, &
FEQTLI A FR . FTfEE4iRE (S fk) | QTLIX &R LH
MZbFRic . QTLIX AL (M) . LODME ( XFEfk
P ) L RHE . TTERR (%) . QTLAVERI T (InE 4
XRMVER . KEVERESE) 3 (4) RAMERFE, 15
TSR RE (I RE vk L TSR] L s . SRR 4
TEOTEE A (5) HAARSCE R, Qs bR i w6 i
PSSR . QTLIRE /el R % .

FERHRAR G AR T, X AR AR B SO AN S8 8 1 5T
ik, BB ESC, BERVEE S B TR SR 7, TR
PRI BAEAER . S8 X FARFERESE R A R Fhrid
HR DA AL SRS O, LS bRiC P81 B AL fL
TR, N R SR QTLAL R A A B 56 . X TQTL
IR AR, A SCHR P AL T QTLATFE R BIRE,
A B A T 7 8 R ) e e A D003 s 5] 5k T 20 5080 )

(GDR) FFHICSCHR, B B S Y R XTN R, #
QTL X [] 2 o B BRI Y ok o X QTLAY AR (B A Bk
R, FCHRP IR AL T 2R N I e 2L, TR
WA AR 0 8AE , T 282Meta 38T, LIRS 43

-006-

DEEE S E R e

B IE BUT X PRI B A T AR Ak A
B, T AR SR QLA A o HARUEAL AL B 5 VA QT
(1) G—QTLIX[aIR R =X, KT QTLIX ] 2 b A
BB G — o R AEHE RS (M), 2530k PR IR )
HE R (Mb) , JSE LR A% (GDR) stk
P S5 PRI RS AR N DC R, R B B Ay st A s
(2) Gi—srFhrichm s =, X FAERR S Firid, R
M%G—mans , wEebRic a2 5 S B QTLIX A 1R
%5 (3) G—QTLMAUNAE I sTkR 3=, X F i
PERONE | I AAON S5 AN TR R AR SSONAE , S8 — T4l P 244
NAH, TTRRRG o EH B, (4) XREEdinist
ATALER, XFFRONAE . BTERR SR B 55 QTL (5T
HRFE L 100% « BOVAE B HAFF G Y= ELAF)
P TRSEABIE, A TCAEIE, MIBIBRZQTLEE, sy
Wi MetaZ3 BT 925 2R o

LR BARIAE | THVE . SRBURIARECAL IS, FeAiE
F T A 58 Meta 2 HT A QTLECE e I T-28 5% B & £ AT 58
SCHR, W RS DA RS, AR I2DFIRHA . 24F2
FEARFILA A SRBEAR, BRI/ IME 803200k #5 K iRk
Y e T <= TR RN FE A= CLTHR’
PR 23NN R SR SR FRR G AR A
FESSR . SNP, AFLP. RAPD%:, HhSNPARIC 5 F i)
(64.3% ) , SSRIRIC 5 428.6%; FLARECE 1074 S5k R
SEREREAROCHYQTLIX[R], AR 7ERkAY8 SR e afk |, Hrhsh4
SYEAR ERQTLIX RIS IR Z (271) , ey afkik
Z (214) , HERafk (184) , HARAk FAQTL
DT 35 (51243 ) 5 QTLRYLOD{E G 2.5-18.7,
SEEILODIE N 6.8 5 TTRRAE FEH3.29%-35.6% , ~F-HIBTHkH
H12.7% ; ROV AETE I M0.35-2.89, IR N 1.26. %
SEQTLAWR AR T ARS8 5 . REEAE RS FhRic e
AR, HIGLLHMeta /M HrE AL T 78 2 H 41 A 34
2.2 Meta M AT i iR

AT Meta 43 M7 A2 £ ZALHE QTLAL S 5 — EpE X
S | B L PR T A% 025 B8, R FH BioMercator 5.0
BAF (—3K LT THTQTLE S FMeta 23 AT 1 1F ) #-4TQTL
P — SR X ) 4, S5 APk RAIEdEE (GDR) 1Y
FERE B T SE R T, FARRAR AR
2.2.1 QTLEGE 5 —shEX a4

QTLARFE 2 A [R5t A2 3 [ A QTLIX [ 48— H 5 31—
NSNS b, HRARRREESZ A 225, HQTL
PR A AR — 0 X 1) 5 B S o AR 9T e Ak ik PRI 4

‘September Free’
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#iPE (GDR ) Hr AR B o 2 BE i AR A 2 5 5t 5 ]
i, BSEEIGOE AR AN, 05123451 SNPHRIC,
% DA 486.2 oM, FEIARICEE R H0.04 M, 7 w8
MESEIRAL, pRic@Rsm . HERTERT, ABOS T /2 QTLAR Al
AT

QTLA 5 (1) HAREEME A B Fi B8 BioMercator 5.0 F 1 #
VEFMHEAT, FEAFEL TV (1) Sdifks,
Bt Ak A B 1 QTLAS R FIAS [ 38 4% [ 335 ) A B 3
AT RRE 2, AR SR KIS AR R (e
) | FRICAFR . FRICB R (M), AKX QTLIAAFR .
FRPEE R (Yetafi) | RAGAZIEFRIC . LODME , &V (A .
ERRSER;  (2) ZHENESA, KHEGDREIREFE Y
S AL FE S A BioMercator 504K FH, %8 27 EE K
BEAZH, W EMREGE . B . bRidfF 5 (3)
WL EIE X7, BRI SE T 1AL B 5 525 1 L 1B
PR SE, maEERRIC ( BUR RS LRSS 2% R
HI5rFhRic ) HE L IS Z R R R, A — s L A
5 2% FEER A L FERRC, WE L bRie B8 R H
XF, FRIFPESRC, B RN R, SIRA R E RS
HEREXS BB LK I (4) QTLIE, FUHHEIFHIQTL
B e, BARRRAE EE FAYQTLIX M4 — 5 81 2% 1%
RS I, ARYEQTLIYE U ML 1k bric fE S5 K 11 r
B, W QTLIES B 2 IXIR], [R) O B QTLAYLOD
B, ROVME . STERREFR;  (5) BOEAREIE, XQTL
SCEERTIOE, KA IR I QTLIX [a) i B /2 A A3,
SEEAATEBOAR R (ANQTLIX [ Hh Y A, B E
HFESRE SRS ), T REEASRMQTL, HHi T
XFERS , BRI B A5 RAHERRE

TEQTLEE 525 , K HIBioMercator 5.048% 4% () Meta /3 #r
ifg, 7T —8EQTL (BEAQTL ) KM% E . —3tk
QTLIX A2 fEAR RS LT 5 . AR T AR A1
FIQTLIX [H], JLM e[RRI F A it 25 07, s 5%
3 2 QTLIX M 7RS0T, AL BRI . %00 7
I —BUWQTLIX A 5 —2, B ——FEQTLIX M, %
IX.[H] G A% FC 2 227 BT Hh 2 67 21 89 QTLIX i) A A% 0 X
S, HLA A AR P R A

—FPEQTLIX [ %58 ( BAAEAE LR INT . (1) 2%k
WHE, TEBioMercator 5.05 4 H11% & Meta s BT U AH ES4L,
LG B E A (@ =0.05) . QTLIX AR ( BpF 4
QTLIX [A] Z [A i st AL i g, APPSR 2.0 M, #57H
AQTLIX [ Z A st AL 1 2 /N T457°2.0 oM, NP HER Dy —
2%) . QTLIMZVAE B (ABFGR I E 0.5, (LR B AL AE

=05QTLHFTERIE T ) 5 (2) QTLERE T, FIHEK
PRy TR, XL RS FEEE L1074 QTLIX [ 7

BT, ARIEQTLAYN B AN AE, 7 BT . RV 7
o] —BUWQTLIX A R —2, F—ZEXF i —A>—ZHEQTLIX
5 (3) —SHEQTLIX MY, X T —ISRAL,
THEIZIEQTLIX [ A 00 . SFXLODME . R0 (E N
SERTTERE, B — SO QTLIX Ml A I AL 0 8,
PLIZ IS QTLIX ] B f /NS U 07 B R R K 0k o A o — 3K
PEQTLIX [ (975, R 254 QTLAY R (E A STk, ik
HAIN (B . BTk A e 1) — SO QTLIX (] £ Ay %00 38
QTLIX[a]; (4) —ZMEQTLIX [ MHHIE, X4 aE i) — 8k
QTLIX [RJE A FHIE , KA X [ 7560 & 2 AR H 1Y)
QTLIX [H], JZALEARHIBAL T SRR A N A, (W)
25 SRR R A B A TR RS B e X R s S
TR OC R S Y, B R — SO QTLIX [l iy ] S
S

FEQTLA 2 5 — 8tk X () S sz R e, 7™ #% 44 18
BioMercator S.OFPFAYARAERLIEIEA T, IR G AHSCRGEiT
ST, BRI AT A SR ER T AT S . X TR IS
FErp i BB e (A QTLIX IR N —2 . 2 &
ZFBRIMQTLIX AR y—2K5% ) |, HHMEBERESH, it
PRI, HBIAF I IRARLET . A, XU i
—HPEQTLIX | T4, v N “qPFH+ G (A K5
+757 , H “qPFH” ERBERIZAEEEQTL ( Peach Fruit
Firmness QTL ) , Jeihkgm's R1-8, B9 iz tafk - —
FHEQTLIX [ BT, 140, qPFH4.1FE/RE4 5 Yk Fiy
i — A0 E FHQTLIX i)
2.2.2 ik HE PR T

e o DR LI S S 52 HE A3l FHQTLIX [ P, 45 A ik
PR (GDR ) RS R, e S5 Pk SR 5L iR A DG 1Y
R, FERETS SRS MR G5 EKES
T SHE R A VIARSC A 36 . Bk 5E % ( GDR,
https://www.rosaceae.org/ ) J& H Fii 4TI . AR BEFE 21
BARE, Aok &R Rmgrs), RETR . REdE .
FHRICAEE B, A ) 5 DR PO P T o 2 B
Y,

figede e PR T A9 LA TR . (1) B E B QTLIX.
] AP B | AR 27 3542 P13 S Rk 3 R ()Xo T DG 3R
(KU TGDREMWEA ) , K %5t (3 HIQTLIX. ] iy i3 A
B (M) 3oy PiiE e (Mb) , WA A QTLIX 6] 76 Bk
=SSRl R RN 7/ VA W Tk e el /L A | 2 T /B
By (2) SIXI N ARG S, E i GDREME A 5L A

-007+
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W VRS IIRE, W AGEFHQTLIX A A By B, HR % X ]
WTA ITERSER, G D ZFK . 750 . DIRETERE .
FRMASE B, E#Al FHQTLIX R N LR B 25 (3)
LR WA T , ARPESEH BB RS S, Tkt 5
MMEREACI . R S Kish . B Uc RGBS
SRS 3 R 2 DI AR G BE PR R e B P ELAART e Aofe
WF: OS5AMEERIHIIER, G2 R L7
fRHE (PG) . RIEHEREG (PME) | AR NPT
ity K XTH ) P 5K L (EXP ) 274824 U CESA ),
RICHREE (PL) SRR, @ S5 MRE Tl
B, GRS G (ACS, ACO) | K321 (ETR ).
AR (ERF) | ISR G UM (NCED ) | v 2
ZW (PYR/PYL) | AKZEfZHEA (PIN) | RN
ZAR (BRI1) MR, G S5KyBHMY o R Lz
RIS, ARG GEERH (AQP) | M4z 1 ( CAX),
PR (KT) SRR @ FHoAth 5 S S0 AR O Y
B, AUFRgmids st (WINAC, MYB. WRKYZ%) | 4
BEZERGER I (WM ) SER3ER ;s (4) kIt i ik
— 2L, XA e B RE R A T i — 2 1, HERR
IR | Rk AR R S0k B i R b T i ik AR
PRI, i H e 1R B e L PR BRI i T
@ 454 GDREE e b i SR SRR EE , o et ERRR S k
Hidf JUHOE RSB AL B ) 3 3k i3
@ 56 0 RFMVIFCHL, Tk A a5 R S A
KR RIEEER ;. & FIHAYE B2 TH (UExPASy. NCBI
Conserved Domain Database ) , 21 3 R A (R ST 2544
B, UEHIIRERY AT EEE , B ORI RN L 2 R SR
R R R

TE e 3 PR T e A v, X6 35 PR D R T REAS BH A ) 56
A, ol [FEVE S X (BLAST ) , S548lm7F . &, SER
AR Y N D RE I SE R EA T X, AR )5 L R A 2
e, ENZEE R A REThEE, Filan, 25— FERE Sl T
SRS PGREAYEL A [ PERS S (=R P S IARLE =80% ) |
SUHEIZ L R ] RE GRS PG, 25 A M RE SRR (R A, 30E
TR A SR R ()B4 A R R A 7 0 2
HIRHS 504 CngniE R MERESEKE )
HEATAY2, TR SN G2, BB Ao R 1 AN
BOOEHID, #F5. TheeidRe . WEES) |, NE8nE
T PR B BE S SR

AR 5 38 2o A S PR TN, A % R A 3 A0 il
QTLIX[A] P i H 32 P12 i e 6 R, b 2 S5 4T REAR,
WIEHE 171, S H5EEG S EENIER 101, S 5HAE

-008-

B AR IS, S —ALiE, HEBRIIRE RN . &
TR FE R, e 20 8 BLAS B A LR, 43y
PpPG1 ( ZERPEFUMHRER G HE ) | PpXTHY ( ARH ZRHEN
WEILEE RS WK A SEIN ) . PpEXPL (PSR FISEN ) |
PpPME1 (SR HBEEEIEA ) | PpTHEL ( 4 RESE 8% jak
#rBEA ) | PpNACL ( NACHESEEFHE ) | PpCuAO4 (4
R EALEERE R ) FIPpERF2 ( ZJdm i (A3 ), X ek
PISTERR IR IR B bR v i 2 3Rk, LS SRS ml B 1) il s 2
PIAE G

2.3 WIEFH &

ARG Kb 05 2 11 A 1 e PR SR P 0k 35 PR 26 28 43 #r A
TN Ty B I RSk LE X AR 28 & 1 5 I AT IR, IR 3%
AR RERI IR P AR, I i 1B S R 5 kSR S T
FER ORI, ORI Y o M B AR O R R R TR, Oy Jis Sk
PRI Ty RE 40 UE A1 23 7 by FH R AR AR
2.3.1 MR R T

i3 5 PR R84 A >R FH S 9 5 PCR ( qRT-PCR )
BR, BT B AERR R AN R R B BB . AN R 3R
RUBPRL Y BRSO TIESE PR Rk it 5 SR SRl AR AL Y
PSR

LRI R . PEE3 ()08 i 22 53 2 (B St b (i
k. PR . BORTRE ) IRE AR, AR BITE RS L
S R R A RIG3R . RIGTRAEX
R BT BCRAEALARES, BRI B3R A 2 F R
SRHARER , WAHEIRG T-80 CURFHIRAF % H

2.RNAFEIUS cDNAA i : SR FHCTABIE SRR AFE & 11
JARNA, i3 B ISR I HE P ANanoDrop #8 i3 436 6 1
THREIRNA B S M ANAE R , R RNA AT A 2K
PLEHE I S RNA SR, SR FH B SRt & 6 ie DNA SR —
B, BT -20CHAEE

3.5 it 5 qRT-PCRY™ 1 = ML 415 Mk 35k PR 20 540 e
(GDR) Hii B 1 CDSIFH, FFPrimer Premier 5.0%K
R SOt e EL1Y, DIME R IEF PpActinfE N N
SN, 51 AR5 RAIESE F T qRT-PCRY 1S . qRT-PCR
J R S T PCRIT &, 78 SEIF 996 S PCRAY b 3E
AT, SO R RN P A i BRI A

4 FGRBARIIHT: R - A A COEH R IE R 7E A
[l B i o ARG ek R, R FHSPSS 26. 04K 106 3 R ik i
ISR SERE B (A A DG A BT, THEE B IR C R 8K (1)
FEUEAT B EPER SR (P<0.05F1P<0.01 ) o #ME e RE N 1Y 23k
PR R E IR R A AE AR L, HLS S R
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o R FEAROC CIEARSCEL RS ) |, MIRIIZERN S5
AR SRR B A i s e A
2.3.2 EHITIRESEF 1 STk H X

CL N2 R Sk PR Sk Ee o3 o A 5 B2 i e & 3%
WFFE SCHRVRIBIFARZS G 00 772X, 36 UE A8 25 D5 0% 2 e [ s
55 BESRE B Y SC e, BRI

LR JE R A B A 08 56 IR Y 2 R 7 9 5 &
NCBIEUEE , RHAIBLASTpFE) ¥ SHImIT . F i, R, 7L
g SR )R SRR S R o 0 S g 1 B PR A 7 [)
VEPE X, i s TR R = (IR T HAH U =70% )
FLTIReaa LA, MM 3L R 1 AR 2 T Rg

2. INARESCHRIEAT . 1t Web of Science, PubMed ., CNKI
BRI, REKRS FEIEFE DY REA B 5T SCik, &
SOAMFZ IR RS T | AN AR . PR E T
SEOTE AR IT R, B R R E R AE SR SR AR Ak AR
Hr AR HIBL

3L IIBELRTE : 454 RIVEIEH DI REmr ot a5 &, bt
ARBIGE H L R A D BEARAE , Mok R 5 B 4l SR
SR A DG HE DR B s B R — Bk, HILFRBEIA
)5 R R SR S0 R B P ) SRS A AT 0 2R Bz i
PRIE A SR SR R i 4 vh B AR B D g . R, &5 1N
ARG SR AR L R I S8 40, A AR 5 i a2k 1 ik
SEPH A AFERR B0 UE S SR S ARG, 2 4R
ZFE BB

3 &R

3.1 BAQTLKRXE
3.1.1 A JEQTLAE YA Ty o1

ZMeta /3 TG G, AT BOAEAR8 A YL ok 119107
A ESHE BE A DCQTLIX ], 76275 1t AL 113 1 S B L ) 4
RAEARE, RIS B0, Fe IR S0 A2
BRI AR D] W G B A0 X FEr, 284, 6. 8
SYAARN QTLE RIS S, 7331 127, 21, 1895
TRQTLIXE], 5 EQTLEIRAY61.7% ; HASSKYAalk (1. 2,
3.5, 7%%) EMQTLIX AR/ HAor s i, Mk
Jetafk FRQTLAE LI T 10%, R ILAFGAATTF
FE R SR R A AR O G L fR

MQTLASR N AEFN TR FRE , 4. 6. 85 Qffk |
B QTL- Y STk R M 15.9% , 3% = T FE 417 B K7
(127%) , HHAEEZAERQTL (5ilkE=20%) ; i
HAb YA - QTLE HIALQTL ( Tk <10% ) , FHIHk

SRR A T B R4 | 6. 8T YL AR EAYQTLIAEE,
XA AZ 0T FH QTLIX [R]85 2 B 1 B Af P ] X3
3.1.2 B QTLIX ] {7

i 12 BioMercator 5.0 4% {4 114 58 25 73 B Al — Bk X i) %
L, EREEEA. 6. 8T EIRMQTLE MRS, Mm%
S8 3RS A AE Y A0 3 QTLIX 8], 43 5l i 44 A
qPFH4.1, qPFH6.1. qPFHS.1, X3/NX [ H7EA [l 1515
S AR SRS R R E RN E], B R
FEPE A T

qPFH4 10 TER4 5 Yt fk, stfG e 428.5~36.2 cM,
Xof I W ERER 5k 5.82~7.05 Mb, X123 Mb, #4T
LA RERQTLIX 8], S LODIE 9.2, 3 5iikR 422.5%,
S IR SR S R () EALQTLIX 8] 5 qPFH6. 1 5565 Y
ik, SRAGHE B R 15.7~21.3 cM, X ¥ FREE 2 43.15~4.13
Mb, X[ EE0.98 Mb, & T84 FIGQTLIX ], FILOD
E 178, FIITTERAEHN18.7%; qPFHB. 1M TEH8 5 YL (A fA,
WL 3 R42.3~49.6 <M, X I 4 BEER 2°48.92~9.97 Mb,
X BE1.05 Mb, 34 TN EMRQTLIX ], ~FI4LODIE K
8.5, FHITTHAE N20.3%, 3-#%0o38 FHQTLIX [A] 4
/NTL5 Mb, M T IRGHFR P RQTLIX ] (P38
Mb) Kigdis, W TQTLEM ISR, Mkt
HASHEZ IR 2S5 T A .
32 RBEFRES TR
3.2.1 e HEF B %

FHETHIEFAEIEE (GDR) BIFERAEE, 1300
i FHQTLIX [i] Py AL BRI 126N FEBSE A, i o D i B0
PRI WA 04T, Seiiiik 324 55 SR S0 hl i e 25 1)
FHSCH R A B ], Horh 2 5 A i R A A BE R 174>
Z5#MAGESHBAEF 101, S5HREEMT FoTR
Feim LR 54~

XF 32 ) A0 i PR R A 7 ik — 20 ) A e, HERR D)
RETE RN . PERAL SR & o A8 rh Rk AR I HL T 4
TR LD, B 8 i B A BE e LR, BT A A
PRI TA%038 FIQTLIX Ml A My i el N, HAERSERE X
BB R R IA . 8 MEIEIE R 435 A PpPGL . PpXTHY
PpEXP1 ., PpPMEI , PpTHEL , PpNAC1 . PpCuAO4FIPpERF2,
HHPpPGl . PpXTHY. PpEXP1. PpPME1. PpTHE1{; T
qPFH4.11X.[A] , PpNAC1 . PpCuAO4 {ii F qPFH6.1 [X. 1] ,
PpERF2/; FPFHS.1 X [H]
3.2.2 TIREE &SI

X 8 e AR B 3k R AT GO W) e A 4 i R

+009-
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KEGG# & 42007, 25 R, MR IR 322 5 e 7 40 i
BEHA S5AE M. RRAREHER OmE S . ik
FRf5 St T . SR S AR Y B A B h S5k
TSN R A O A B R i R

FEANMAL Ay 210, eI PR B o T AN BE | 40
JEFIAAA , Forh A REAR DG HE R b i562.5% , FW]ix Lk
SR DR T a9 A 0 R 45 g R 35 A S e L S
FESr T OIREE M, eI F 2 B KRG . F A5
WE . SRR TG TR . R S RIG PR IRE, A3 it 4
JUREZ MR REAR . PRGSO ST TR R
RN . KEGGHH B & 20T R, ke i 35 s
B MYHMEGTHS” ORI ARk
ARG SEm Bk, JE DI UE T X Ik PR 7R Ak SR S
PP A% AR
3.3 SR B 5 h BE IR B iiE
3.3.1 BEPRER A 5 A SR B A OGPk

qRT-PCRZETA /T MrEE IR B, 84N BLA5 Ak 3L K Y
FEIk PR SR SCh E AR L3S S B S AR e (P<0.05 )
HAR 2SR R () FRaA X B W iR v, SR SE R
B AR AR = EE VR

20 i BEAC AR G R ( PpPGL . PpXTHY ., PpEXPI .
PpPMEL ) 7RS4 RMIRZ A F ik Ak, #F A% e
JERIREIF TG FI, AR R RIAIEE, RIFAkS:
Yefpmn ik, HFRIAE S A S0RE B 2 A B 3 A OC
(r<=0.85, P<0.01) , FHXAELP Y 5 Rk 2 e 40 i
BEZ BRI REAR , SO SRR R 5 4 R o P A
FERIPpTHE 1 0] 52 BAH S i F2 b8, ZE4 AR AN I
ik, BEAWIACR G RIAE B TR, 5 A0 R
BFEIEME (1>0.90, P<0.01) , FIHHLFIRFEWLFANN
BEM e, SRS RS AL

P AR 5 B DG R RN % SR 7 3L ( PpNACT |
PpCuAO4 . PpERF2) MYZRIKFAER I OWITIG FIF, W
PHIRFIE(E, 5 OIRBEHCEMABA & Rt 3
—%, HrPpERF2HIPPNACT 55 L S A% 5 (1 52 4% b 3 17 AH
%X (r<=0.80, P<0.01) , PpCuAO4 55 F 5208 i {5 5 35 11
K (1<=0.75, P<0.05) , FRULXIEELR @ L 845 L5
ABAMF i %, [AIHZAE F 5 52200 B 1 2 e AN Ak
3.3.2 SET AW AL TR —

CL AT RESE R SOk LT 25 3 R, AR i 6 1 81 w55
BB FE, SAREIT . Fobh . IR AR B
PRI G i e i T8 Y R S A A O R DR ELA e B A 1)

-010-

RE—2ohE, HH A AL B b i AR 58 E S SRSl
FEPREAE G

PpPG 1FTPpPME 14351 4t ith 22 58 - A 2 1 T A S e FY
Pt , 53, PR h I R S AL ISIPG . MAPMEJE K]
FEPEIRS5% LA 1, BT ABIFST L IF 530 7 35k PR A B SR 5
AR T R IR, BB ERE I AN MR SR S, n
RSk PpXTHOFIPPEXP1 il (75 115 5 40 i BE () T
ERIFAGE, S5 EAFFaXTH2 . #%4 VVEXP1JEH IhfE—3K,
AR S R B R E AR PpTHE LVE 40 i BE 578
AL RSN, 5B ATHE LA R R A78%, i
NTERE P A B S80I S R A AR 08 1 5 4 i AL SR, 4
GeR A

SRR S A, PpERF2)& T 245
N F R, Sk O AGE R 5 R S R PpERF 1)
REAEL, REASIETE C06 G UL 263k, (R ik L IR
PpNACT ANACHE SR 5, 53 R MANAC4 [ 5
ik82%, Tetssh & A REACGIEE R R 2, LR
PpCulO4 G il e S AL, 2 5 Z By o il AR, i 2 e
REASIM ] M A L, PRI 2 56 Rl o i 9 22 i 5 dt [R) B3
M SRS R, X — )66 S5 F i LeCudO1 3 H = — 2. DA
B IRHE—ABIE T AR RIS 0 35 1 A TR DR 1 P R
EAREE,
4 THig
4.1 WA QTLAYRE M 5 B AL HL I
4.1.1 S5HABY R SRR FF ) IR QTLAY PR
s

AT 57 56 72 PR3 A %0 QTLIX ] ( PFH4.1 |
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