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it - 5 TN & R it & i (phenylalanine ammonia lyase,
PAL) | A H: % -4- 52 1k (cinnamic acid 4-hydroxy-
lase, C4H) Fll 4- 7 &R -CoA % $% Ii§ (4-coumarate-
CoA ligase, 4CL) , 43 AL A= LA AR IR X2 5L )
FERR AN A A A X A A )02 T AT s
S S SR QOB A B T A N e A A2
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1 HRESH®

1.1 e H
LU Bili Mo A ( Gossypium hirsutum 1..) i bl o 20 5

CLAF i Ak LDM) 2 B 7, W 535 4 3-79 (G. bar-
badense 1..) FACA, 2020 4F 7 A ZETL PG 4R Mb K 2= 55
HIEAT A4 3SIE ML F o 2021 AR AR VL VE i3 2 ISR R
TR AT AR AR R PR 25 48 AR R T & i
Rk, S AT MR 7 2, 2 BRI BEAS ACARIF L AT
BE 1 m, BRIE 0.2 m, SEASFNF, 43 BIF AL 20 #% , FH ) 47
PR O H A 7 20
1.2 REPAESFHITHN

T 20214F 10 H 13 HUHREAFIF, o W[l Al
AEVEAT I, )5 F 11 H 22 H AT E N HFh, %
TR E A AR AR T B B AR B i R TT
YR o 8 Excel #0446 #4861 45 2 Ptk
€A W0 v

Hh2E A 3 (mid-parent heterosis, H,,) L 5 A
fIt# (best parent heterosis, H,)) il i 22 F F () R K1 5
R AMESEAFRA (F) B RCE (P, P2) B R A BE
(M,) #4758 . M= (P1+P2)/2; H,= (F1-
M,)/M,;H,=(F1-F)/F.
1.3 BERAHFESH

2021 4F- 8 H 10 H 73 51 XF ili oA LDM A F, 44k}
KB 10 d LT AeM BT AR 2 A,
BAEE AT 3R AR A S . BORE 5
BT TR RS Y BE AR A AL
S WEEE B HCRNA, 857 RNA U SCEE A, R
HiSeq2000 - & #EA7T I 7, B A5 14 I 4 25408 e
fastp B #EAT B4 AR A5 0 08 5 £ kA Y 1E B
B Bowtie2 B iz B bLoxr 2] il b A 2 5 L
(https: //cottonfgd.org/about/download.html) . J&F
JIr it 2 7% HE 241 1y 41, ff ] String Tie 8¢ Cufflinks 4K
XTI Py B s HEAT B4 O 5 A A DR 2 TR
BT HOEE, SR LART AR B T B i 5 s X, A Z )
ol FAY I Si A R B D], DT b 7 0 5 3 6 PR 4
BAE B o W EEH /e 5 A 5 6 KA P2 (NR | Swiss-
Prot,Pfam .EggNOG GO fl KEGG) #F47 H Xt , 41
ARATHE R /2 S AR B T R AR R 0T X 2% 00 H I e 1 R
ST gt . il H A (RSEM, http: //deweylab.
github. i0o/RSEM/; Kallisto, https://pachterlab.
github. io/kallisto/; Salmon, https://combine-lab.
github.io/salmon/ ) 73 5] %oF 3 PR R e S AR 1) 2 38 7K F-
HEAT 38 5 5 AT, LM IS B2 53 B AN [RI AR A [R] BE R /9 5
A2 RIBEN, TGP P D REAS B4R s
FEFEALE] o SR R Goatools Xif 5 PRI A H (1) 3 [H]
#47 GO(gene ontology , & K ANA ) & 4 43Hr , T4k
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PRZEE R 5L R B H AR GO Dhfig. ]
Fisher # B 5 5 , 24 2835 ¢ 1E /9 P<<0.05 B, A R I
GO DI RBAE7E i 3 5 AN Ol o SR FH ROAIAS X 2 P 4
WL R /B SR AR VEAT KEGG 38 1 & 007, 785
HA] GO DI 4 o0 M, H 28 A2 IE 9 P<<0.05 i,
N KEGG BARAFTE & B G 0.

1.4 FMERRFRIEFRT-PCRIEN

Vi SR 2 i s A 2ok DB S L G 1) 25 3 TR 4
b, FIH Bowtie2 B be ) 21 fili M A 2 75 JE A 4
R M GATK % 14 (https: //software.
broadinstitute.org/gatk/download/ ) 3k 15 SNP £l Indel
545 & R VCFtools B BV AL A sifF 2
H “pﬁj@rh,ﬁﬁigﬁ?SOOﬁﬁTF %A R
FP R BE R T 10, 7E R A & T 4li5 1AL s 217 55 6L
S B F AR o i S R kTR A 2 R=(P1-
P2)/(P14P2) , H, P1 RIRFEA 1Y S50 s A7E
oo i P UR BE , P2 R 35 2 4 s AE F
(I Py BRI, A R™>0.33 W2 2 [H i [7) P13k,
R<"—0.33, WiZ L fi 1] P2 215, e Ab BB E N
0.33 Y T PSR A B i R ik 22 7 KT 2 4%

Xt % e B p A bs 2 W, id CottonFGD
(https://cottonfgd.org ) K4 2 4R 45 HAE fili Hu AR o 7Y
5 S A1 CDS (coding sequence) J¥ 51, 1] F DNA-
MAN BAF 5304 2 B2 & H B s A F CDS
GIHEFT X, B 2455 P 39 UTR (un-translated re-
gion) J¥ 51, # /] Prier Primer 5.0 #X {443 51| 1€ 4
FIE’J5UTR$[1SUTRufrErﬂI%%ufyiﬁ%I%,ﬁ
H Ubq7 B 2 R (K 1) FIJH UTR 51943 50 1E
Pty b iR R K R - Bl M A 1 A £F- kA B RNA 2 % 5%
1 cDNA 14T RT-PCRAZI . PCR A1 75 138
I E i Yeasen 24 w42 (7 i 52 %5 : 1010ES03) o
PCR #5844 2 0 5 SR FLA 50 pll AR &R AR
¢cDNA 10 pL, Primer IE 1] 1.0 pl ( ¥ B & 0.1
pmol/L) , Primer & ] 1.0 pl, 2XHieff®Robust

*x1 BAFARHAEMSINRFT

Table 1 Three pairs of primer sequences in this study

5914 FR Primer name

5149)7%1 Primer sequences

F3'5'H-F CTTCATATTTGGTCCTTCCG
F3'5'H-R TTGCACATTAGCGTAGTAGTCAT
ANS-F GCTTCCCATACATACACTGCC
ANS-R AGTCTCCCATTATTCCACAAAA
Ubq7-F GAAGGCATTCCACCTGACCAAC
Ubq7-R CTTGACCTTCTTCTTCTTGTGCTTG

PCR Master Mix 13.0 pl.. PCR W 44K : 94 ‘CTHi
280k 5 min; 94 *CA8 Pk 10 s, 55 CJ_J(ZO s, 72 CHL A
90 s, 35 MBI ; 72 CHEAEH 5 min, 4 CLR¥ . PCR
P 1 6 0 B REWEEE IR H TR AG I

2 FHRE5HMH

2.1 REWMS5it

Fili HL AR DM I 585 3-79 FIZRRh F kAR 22 5

ER I OR M H RS LDM B 4 4%, K 4 4e i
b Fy FIAE B A 3-79 B &2 F ) HAT WAt il 48 €6 ) 93
RS T A 3-79 8 Tuh BAFMRL (B 1) . st R
BN, 240 FoEE R E B W W SRR
306 M B 3A, 76 BAs B AR T it b R S 347 1) v
FMRB(—7%) Rt LB (—35%0) , fER 4 b
B B 1) SR P B (— 14.90) A0 B 1) 4 5% I 3
(—18%)(F2), UL, 24P F AELF Yy itttk 1 2
PR A7 1] 2% T £ 3, T 2T 4 e R 0 G S I
PR 2= G R R

.9 00

BE1 B8 3-79.bhbis LDM FnZeF F i)
MFRREAFMEHAREB)
Fig.1 The phenotype of seed cotton (A) and fuzz (B)

in sea-island cotton 3-79, upland cotton LDM and F,
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St 2 AR RER B 10 d IR EEA TG S 2
¥ o R G 380 22 BE R 0 SRR i A0 26 17 3
3BT % B LDM A E | BYAEAS (8] 7] LA 2 3 X 53 TF, 1
LDM FIF, (0 E A 5 1 2 4 8 52 7R RS Ak | (PC1)
AR 22 S AN R, 2 Bl 3 T vl JBURE 79 7 3 ) AR
UEZ N FEAR ] RGP B G (K 2A) o st &
i BT A LDM I [H] 4858 21 1 806 4> 22 5+



943 %

194 LS L AN S
R2 FEMRABERMF HFMALRHRI
Table 2 The hybrid vigor in the seed and fiber of F,
AR R 3 RS AR T/ g K3/ % AR/ g bk
Material and hybrid vigor Lint weight per boll Lint percentage 100-seeds weight Fuzz
3-79 0.75 35.00 12.30 4 EFF End fuzz seed
LDM 1.36 39.00 8.50 AT Colorless fuzz
F, 0.88 32.00 12.62 BG4k (0, Green fuzz
FeRARIMLRY % H, —17 —14 21
2l / % H, —35 —18 3
16 ° LDM
14 F 1200
12 ' b
10 £ 1000f
~ 8 e
IS E 800
24 Fl B
Ag 2 B & o600f
pg =
~ 0 Z.
O _ 400
£ _i =
-6 % 2001
-8
:ig AR TN
Up-regulated genes Down-regulated genes

-20 -15-10 =5 0 5 10 15 20 25

PC1(61.47%)

2 5L Differential expression genes

2 BhMARLDM 5&M F FHEAENERS (AfMESERSH(B)

Fig.2 The principal component analysis (A) and differential expression genes (B) between upland cotton LDM and F,
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(molecular function) H1, f 796 > DEGs H A 1L %
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20 4y (cellular component) H1, 692 4~ 5 X £ 41 Jifd 8
B R AFE VI BE , 557 A~ JE DX 7E 20 M R A7 & #E e
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Fig.3 The gene ontology(GO) annotation of differential expression genes between upland cotton LDM and F,
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ADP binding} . 0.012
= 0.010
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L ) Number
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Molecular function | @ K
. . . . . .. . 427
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Heme binding} °
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& K+ Rich factor
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Fig.4 GO enrichment analysis of differential expression genes between upland cotton LDM and F,

23 EREFAMRHBRESTESWN R A 1 I8 B 4% (map00511) , 104 DEGs # & 4 31 2%

Xf 1 806 1~ DEGs #:47 KEGG 4347, 25 2 8] 6 4~ #ER 42 (map00941) , 81~ DEGs # & 4 £I%5-
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(map00902) , 301~ DEGs # & S BN b ALY Al R85 b n] LI 21 2R TR e AR R0 288 2 1 %357 5 42
IR (map00940) , 6 4> DEGs ¥ B B HADZHE A0 FE RS 2 |, I HL 2K SR AR IR 42 )8 T TR 6t

_logm PadjusA
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Fig.5 The KEGG analysis of differential expression genes between upland cotton LDM and F,
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A~ CHS R, 14~ F3'5 HIE PR AN T A ANS 5& K43 5]
FEF i 3 BIRERIE, 2> CHS SR TE £ A LDM
FAFRE(E6) . LiAKE, T CAD BEF ZEAR T
O B, T F35 H R KR KA R
IICBERE N, R, 2 ) 2 4 v i 28 P e A R A 2k
BT 3 A B A 0 T R o 2 I e R TR
FEH R G R AD S .

F ik

Relative
expression of F,

LDMA 1k &
Relative expression
of LDM

JEH 4 Gene ID

PAL

Ghir_A11G035020
Ghir_A04G008130

C4H F Ak LDMA& ik
JEK*5 Gene ID Relative Relative expression
expression of F, of LDM
-$2 %
FEtEs Ghir_D09G025210 2.23
4CL Ghir_D11G004060 1.25
Ghir_A13G024560 1.84
F ki LDM# ik i il AR
LK Gene ID Relative Relative expression
expression of F, of LDM F &k LDM#& ik
Ghir ALOGO14950 HCT K45 Gene ID Relative Relative expression
- - expression of F, of LDM
Ghit: D10G012620 CHS  IGhir_A05G032660 1.145
Ghir_D10G012660 Ghir_D05G024350
Ghir_D09G000030
CCR TR
CHI
B i B
F3H
=y
FABR | LDM#EER — N T I ol
LK Gene ID Relative Relative expression [ CAD v uene ¢ euve iF Relalvgexpression
expression of F, of LDM F3'5'H e of LDM
Ghir_D02G021850
3 —E it
PN
DFR
—— F ik LDM# ik
Jofa KMEi R K5 Gene ID Relative Relative expression
expression of F, of LDM
ANS Ghir_A12G023690

PAL : ZR N SR 240 ; CAH : IR -4- 32 {0l ; 4CL . 7 R -CoA FEH2M ;s HC T : 5 IE N EEBE % RS 1l ; COR : INEEMEAT A 1Sl ; CAD : A
T A U s CHLS < 75 JR I 5 B 5 CHLL . 25 SR S A il s FSH - B Be i -3p-FR Ak F3'5'H: AU TmE-3', 5'-F2 (bl ; DFR : — % 8 [ i id8 i

fifi ; ANS: {67 2 & B PAL: Phenylalanine ammonia lyase; C4H:

Cinnamic acid 4-hydroxylase; 4CL: 4-Coumarate-CoA ligase; HCT:

Hydroxycinnamoyl transferase; CCR: Cinnamoyl-CoA reductase; CAD: Cinnamyl-alcohol dchydrogenase; CHS: Chalcone synthase; CHI:
Chalcone isomerase; F3H: Flavanone-3B-hydroxylase; F3'5'H: Flavonoid-3', 5'-hydroxylase; DFR: Dihydroflavonol reductase; ANS: An-

thocyanin synthase.

6 FEHARFIRMF EXREMEEMRGHBRELNER
Fig.6 The difference of phenylpropanoid pathway and flavonoid pathway in upland cotton LDM and F,
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P 3 26K, LA 317 D DEGs 457 FE K E 42

Tt Fy v Ah R X 1 28R A, 736 1 DEGs 2 3
W SRR IR LG, Hoh A 5154~ 3 R ) 5 55 4 3-
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ANS FF3'5"H i 1) 65 S5 A 2235 o AHIFFE T 06) i b
K3 LDM FZ:Fh F, rh i ANS F1 F3'5'H #47 RT-PCR
K, 45 52 B ANS F F3'5"H 78 2 b4 RHE) 361k 22
S, U HE FIS HEER HAE 8 fh F iR Rk 3 Ty
HpT AR B 7 HEAT I T, 28 % 91 b 2 I i g
Kk 3 Tl A% 3-79 (&1 7).

LDM F

1
— - .

Ubq7 WZWRIEH . Ubq7 as the reference gene.
B 7 ANSNF3'5'HEEZELDM A F, 4 #4iE]
B RT-PCR#&

Fig.7 The RT-PCR test of ANS and
F3°5'Hin LDM and F,

3 i i
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2 200 i i ) R AR R 2 O T B A I R Wl
HRRIFAE IS 1 d £F 4 58 i 2% 2 LU I A 221, 3
A RE 2 T BORE HR A A 4R 2 i A T R T
JE A

ARBTTE R B BB A G N AR 24 b Fy 235
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Identifying key metabolic pathways and genes in fibers
of interspecific F, hybrids of cotton

WEN Tianwang',ZHU Hong',ZHANG Yilin', FAN Jinsong”, F AN Huigiao®

1.College of Agronomy, Jiangxi Agricultural University/Key Laboratory of Crop Physiology,
Ecology and Genetic Breeding, Ministry of Education, Nanchang 330045, China;
2.Agricultural Technology Extension Center of Ruichang City, Ruichang 332200, China

Abstract Bulk sampling was conducted on the fiber (10 days after anthesis) of interspecific F, hy-
brids and parents of upland cotton to study the heterosis in fibers of interspecific F, hybrids in terms of phe-
notype and genetics and analyze the reasons for the unclear heterosis in traits of yield. Transcriptomics was
used to analyze the significant differences in transcription levels between samples. Bioinformatics was used
to identify the significant differences in metabolic pathways and key genes between samples. The results
showed that the F, hybrid had fewer long fiber cells and the surface of the seed was covered by green fuzz.
A total of 1 128 upregulated genes and 678 downregulated genes were identified in the transcriptome data
of fiber between parents of upland cotton and interspecific F, hybrids. The results of analyzing gene enrich-
ment showed that the differential expression genes (DEGs) were mainly enriched in the biosynthesis of
phenylpropane and biosynthesis pathways of flavonoid. The results of parental allele-specific expression
analysis of DEGs showed that the allele of fiber in interspecific F, hybrids tended to be expressed in sea- is~
land cotton, among which the dihydroflavonol-3 ', 5 - hydroxylase (F3'5'H) genes in the metabolic path-
way of flavonoid in interspecific F; hybrids only expressed the alleles of sea-island cotton. Overall, the
traits of fiber yield in the interspecific F, hybrids between sea-island cotton and upland cotton had negative
heterosis and significant green and short fuzz in the fibers, which may be related to the secondary metabo-
lites produced by the biosynthesis of phenylpropane and flavonoid. It is indicated that the heterosis and key
metabolic pathways and genes of fibers in the interspecific F, hybrids between upland cotton and sea-island
cotton are investigated at the transcription level. The relationship between phenotypic traits and transcrip-
tion and the relationship between transcription and metabolic synthesis are established.

Keywords cotton; heterosis; fiber; transcriptome ; metabolic pathway of flavonoid ; dihydroflavonol-
3", 5'-hydroxylase (F3'5'H)
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