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LKL Unigenes. #E—Hi%#F 6 MriEEE#ET qRT-PCR I6IE, IIFSR SHFAKIE—N. £ ANEHSHEHRE

FRAYI& BRIGAH R RREE S, NG Wl — DR A AU ER IS A A B R 2 T AL SR L s

KR EERR; WEUEESR: BB E R ERRIEER; ERKER

FESES: R286.2 NHRFRERE: A NERHE: 0253 -2670(2024)11 - 3845 - 10

DOI: 10.7501/j.issn.0253-2670.2024.11.026

Comparison of anthraquinone content in Morinda officinalis at different growth
years and transcriptomics mining of anthraquinone biosynthesis related genes
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Abstract: Objective To explore differences of anthraquinones content, the genes related to biosynthesis of anthraquinones in
the roots of Bajitian (Morinda officinalis How) in different growth years. Methods The components of anthraquinones by
HPLC in the roots of 1-year-old and 6-year-old M. officinalis roots were determined, the transcriptomes were sequenced and
compared, genes expression were verified by RT-qPCR. Results The results of HPLC showed that anthraquinones increased
significantly after six years of rooting. By comparative transcriptome analysis, 8 619 differentially expressed genes were
screened from 1-year-old and 6-year-old M. officinalis, KEGG analysis showed that the differential genes were mainly
concentrated in biosynthesis of various secondary metabolites-part 2, phenylpropanoid biosynthesis, ubiquinone and other
terpenoid-quinone biosynthesis and etc. A total of 13 differentially expressed Unigenes were identified from the anthraquinone
biosynthesis pathway, the expression of ICS, SK, CS, DHNA-CoA synthase were significantly up-regulated in 6-year-old M.
officinalis, DXS, DXR, DAHPS, IDH were significantly down-regulated. DHQD/SDH were up-regulated and down-regulated
Unigenes. RT-qPCR was performed on six candidate genes, and the gene expression results were consistent with transcriptome
sequencing. Conclusions This experiment provided reference for identifying the relevant genes involved in anthraquinone
biosynthesis, and laid the foundation for further in-depth research on the molecular mechanism of accumulation of anthraquinone
biosynthesis in M. officinalis.
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R KIE T # Bk 8 R Morinda officinalis
How AR, A4 2Rk, X9 AR, Rt
¥ G, HE . HE, BRARNERE, SRR, AKX
AIThR, HRE “DUKF2” 2 — @ THITE
JE MBI R R TE 70 ISR S o A SR,
SENE R PR 125 R b AL AL
5y, MEMEECR P EE B 40 ZRERRE, 24
PSR B S EOR R BA IR T R 2T K
WA AR HTE s iA A E S, 2 BERE S
DR “HEIRGEE S RS E 7 R TR — IEREDT
T LA R IPESEOT, Horh 1 AR Y i e
HER-1-HBEATOEE . BRIILEERE, TR, &
R MEOR B E T R 2 —, B b s
X HAA OB FE R AT 240, X2 R AR AE I
W% RO AT RO AP & I R I S TR ok A

FER YA N B B )& B 1R BN B
%, HATEE AN FEORIET 2 Kb, B
5 95 HIR /A8 B 30 Bt K P R i 4% ( shikimate/o-
succinylbenzoic acid route) FEEIEE (polyketide
pathway). ¥ ERHE IR b 1R AL & BORE T
FEEIR/ADEIANER IR, 2R M I RIS
£ =R (tricarboxylic acid cycle, TCA) {if¥ .
¥ % IR1&1% (mevalonatepathway, MVA) &A1
F L /R EERE R (methyl erythritol phosphate, MEP)
BRI PR R R (isochorismic acid, IC). -
% — 12 Ca-ketoglutarate, AKG). — I F& I P 2642
W82 (3,3-dimethylallyl diphosphate, DMAPP) A%
JREEA, Sz AR N ER AR 2 N R A
it o BB A= P OB A B4 T U P IR SRR (2 S N
KRG A 557 LA A (isochorismate synthase,
ICS). FFHERIME (shikimate kinase, SK). %A
P 4% 1% BR & B8 ( 1-deoxy-D-xylulose-5-phosphate
synthase, DXS). it S AHBE B ELIE I A B (1-
deoxy-D-xylulose-5-phosphate reductoisomerase
DXR) ZEU0-1, U iR IEXS R MoDXRUI,
MoDXS"3, MoTPSU', PAL. C4HMS], ICSUOIZEFEA]
Iy A BN HEAT vakE, WA AT RE . BkAh, AR
AR S R R 1) AR RS, A T
FRIL 1~6 A MROR SRR & B A KRR
AR I S 3 S SR 52 R 07181, [ R R
RAYE BOSAEHEHE KRB AEA R AR R ik
I HTIEAR WARIE .

ARHIE T[] — 7= 1 A o] A= A PR ) 3R R

(1) 4 FhEERR YR & BT e, i P s 5
o, THIEAFF 2 02 R FRIEEER, FEMN
F2 IR 25 EER BER A YA A 22 R IA
BN, e i SR 5Ot 8 & PCR % (qRT-PCR)
BOAE T Ik e 2 SRR FE R Rk A, MR
FRAE VI L) A O EFN RBEUAEE I 20 F- B
AL IERLELIE .
1 #R5RF
1.1 #d

RIGFPRIT 2022 4 3 HRAT KA ERTE
PREL (111°79'15"E, 23°15'13"N, ##Kk 140m), 14
A RS YN K6 F4E (5 LN) B RRS
3IANEE (BAEE 5K, 2408 YNI. YN2. YN3
HMILNT. LN2. LN3, WEE, & hEARY:
RA T UL E N ERHEY R M. officinalis
How, FH T REER & AL A 5 RNA $25L
1.2 {43

Waters €2695 /= R0BAH X (SEE Waters 2
A]); CPA225D B-+Ji5r 2 —HF o RT (E[E
FL RN E A R AR D KQ5200DE A4 #d i
FEIE Ve CRAL T A A A B A R ; DHG-9240A
HL R TR (RIS IR AR AR A D .
RNA prep pure 475 RNA H2BUR7 & (TIANGEN
2 #]);5 QuantstudioTM® ¢ ) 7€ & PCR 1 (£ [FH ABI
/27]); NANo DROP 8000 B 48 4h 35 B it (S
Thermo A#]); DYY-6C BYEER L yKAN (AbE/N—
YR A BR A F] )3 Hiscript QRT super Mix for
qPCR (+gDNA wiper) #5706 (i ot v ME %
LR A A PR A ] ); SYBR® Select Master Mix
(2X) Ef# PCR A& (LE ABLAH]D,
1.3 R

XTI 2-F R -1- AR (b5 MUST-
21120122), HE R R R -1-HEE (L5 MUST-
210830100, HEERPE R E (L5 MUST-21052511)
B A kR 2 AR BRI A ] EER-2-R R
(b5 A7795D) W H EilgE 2ANREAR A,
JRE B =98%; HEE. BRI Nt KN
A7k (Milli-Q FB4li7K RG] & ); HARRHI A
SrHTat.
2 B
21 EERERSEENE
211 HEAMER R & RECEAL 1 A K 6 4F
AR EERR 10 g, BT 50 C RS,
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WA REVR 2], RS BRI EER R K 0.5 g G 50 H
i), bn25mL FEERENRIEE 2h, B, AT, KR
BN, A 5 mL B, I EEZ)
B, 25, 1T 0.45 pm FRFLIERE, EUEERAE A
JENTIREAST

2.1.2 WRERIEIINHIE RS AR 2-F8 k-1
AR, B2, AR R -H .
B B R R S, R R A R B R
23914 56.000. 50.000. 15.600. 3.800 pg/mL VR
EER AN CR TR

2.1.3 i &ff Waters XSelect HSS T3 ikt
(250 mm X 4.6 mm, 5pum), FEE (A) -0.2%M K
(C) NaNAE, BREEDER: 0~5min, 20%A; 5~
20min, 20%~42%A; 20~42min, 42%~50%A;
42~65min, 50%~60% A; 65~ 110 min, 60%~80%
A, KA 275 nm, AR E 0.7 min/mL, fHiR
35 °C, MFEE 10 ul. ik WA 1,

A {3
\
1\ 2‘\ 4
B | 3
1
1’1 \ 2 4
- ', - - + T
! 3
C Lo
| |
[ 4

0 10 20 30 40 S50 60 70 8 90 100 110

t/min
12-Fo k-1 -, 2- -2 R: 3-FRE R I RIER-1-H
Bk 4-FHERPREEK.
1-2-hydroxy-1-methoxyanthraquinone; 2-anthraquinone-2-carboxylic
acid; 3-rubiadin-1-methyl ether; 4-rubiadin.
1 RANES A). 1 FEEBHX B) f6 FEEH
X (C) BY HPLC
Fig. 1 HPLC of mixed reference solution (A), YN sample
(B) and LN sample (C)

2,14 ZMETTREREH] kSR “2.1.27 T
R AR AR 7.004 5.00, 2.00. 1.00 0.50-
0.25. 0.05 mL BT 10 mL &Efhirh, FH RS
ZIEE, 192 RP R EWRERVER. 1% “2.1.37 UK
R SR AR I T AR, DATRA 0T B 1 R 81
EIRBONMALER, W RUR AR, 2hilbriEih 22,
GEREIR AN R R R, LK 1.

2.1.5 RESERLG  H “2.1.27 TR AITRA NI S
W, 12 “2.1.37 WUN AR KRR S 6 K. 2-

®1 %M5E
Table 1 Linear equations

L% [ r

2331 - SRR Y=64509538 X—15594  0.9992
BR-2-5 Y=28022667X—24823 09993
F 5 6 - 1 - Y=103 045938 X—42230  0.9993
It R Y=77131412X—25998 09993

FRHE-1-FE LB B 2-RR . AR o -1
FHE | FF kS 7 2 2 01 B2 20 20 RSD 43 704 0.80%
0.58%- 0.58%- 1.10%, FHHHIEFEEE RIT,
2.1.6 EEMRK % “2.1.17 TR TATHISE
R (LN HHR SRR 6 1y, BEFEIE . 2-F2 511
AR B2 R0 AR ER-1-HE.
F 3 96 B R R B RSD 43511 2.77%- 2.26%-
2.99%. 2.28%, FKITEEL MR .

2.1.7 FoEthilie  BEECR (LND SRS a5
BIFERIJE 04 3. 64 12, 16+ 24 h HERENIE . 2-
PRI 1-FEE B B 2-RR . TR R-1-
PR, HH R v S R UG TR AR ) RSD 2370l 4 2.14%
2.09%-+ 1.99%. 1.66%, KPR FHIFEIE 240 N
2.1.8  NFEEIERREE AR ECR (LND #
K025 g, AT 6 1, k% IS FE & S AE
B B A A PR A IR VAR, 1% 2,117 TUR
Ty iM% R VA, BEREIE . 2-F 0k 1-
AR B2 R0 . FAE T o8 - 1-H
PR 5 8 B 2R )P S5 I [T WA 3 93 7O 100.96%
97.53%- 98.75%- 100.10%, RSD 735A 2.62%-
1.77%- 1.52%- 3.99%.

2.1.9 SEME B “2.1.17 TN HI15 RS 4 E
RAL B, % “2.1.37 iR iS4 E .
22 FERAMFSH

221 RNA #HUSCEME  BCS 4 H i R
MRERAT4T8r, H RNA prep pure fH47/5 RNA $2H
R A & (TIANGEN A @) fil] % & RNA,
Nanophotometer 73667 Qubit 2.0 Zé 1Al
Agilent 2100 73> HIAG I RNA Z0RF . ¥ A 52 8k
i Oligo(dT)HEEk & 17 A7 polyA I mRNA, fE
JE MM 222 i (fragmentation buffer) ¥ RNA
FUWr R B, LUK A B RNA AR, /B b
WL5I%) (random hexamers) &5 —5% cDNA, 2R
JEIINGZ . ANTPs Fl DNA polymerase I A —
% cDNA, BEJ5FIH AMPure XP beads #fifk X%k
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cDNA. 4ifLIXEE cDNA i T RimiEE. i A
FHEEN T2k, S5 H AMPure XP beads 347
FBOR/NESRE, BT PCR B 1S 2R AW
cDNA JE, f#i ] Qubit2.0 1 qRT-PCR J5 X} 3 J#
BEAT E BRI LA R0 >2 nmol/L) .

222 AN LIREER  ERatkE, AFE
SCEEH IR B AR T HLEE 2317 pooling, A illunima
novaseq 6000 P& HEATIIF . i =00 A5 21 1Y
PG EHEZL CASAVA Bl EE IR H A6 08 K&
f) Data, FXAJRIEEHE (raw data). {1 fastp A
WP AT I8, WP EIRFERE . GC F 'k
7, 1525 RN reads (cleanreads). KA Trinity
Xf clean reads #EATHEHE, SRJGMIH corset £IURTF
#| Unigene 741 181§ DIAMOND BLASTX # {4
Unigene /7515 KEGG. NR. Swiss-Prot. GO+ KOG,
Trembl (4% = LEXE, Fi 58 Unigene )2 52127 51)
ZJE il HMMER %5 Pfam 4 FELLXS, 3R15
Unigene H{FERAE B

223 FEFFAILLX . ZRRIEFEFIZE KA T
RSEM #f4, ¥4 Trinity 2123532 TUR Z 51 Unigene
YERNZE T, KB MM clean reads 25751
TR, R FPKM (fragments Pper kilobase of
transcript per million fragments mapped) FKiAEAE A
B BFE R RIS 48RS (] DESeq #HTHF

®"2 ERTSELES

s A 22 #3235 7041, B Benjamini-Hochberg /574
SHERBRIGHER (P value) #HTZ BARBAIGRLIE,
HEERRILZ (false discovery rate, FDR), FFi15
ZE 5% (fold change, FC), ZRFERMIIESL N
llogoFC|=1, H FDR<<0.05, 7532 7k TiE
P& KEGG EHHT.
23 EREYMEREREFLES qRT-PCR HIiE
WA SCHRFE Hh 1R 5 S A R SR AR W) & &
FRUOI0, KR X 72 S RIB LAY KEGG. NR.
Swissport. TTEMBL. GO. KOG. Pfam $fz i E R
BE, JEIEILTE 1 4/ 6 F 4 Lk K ¥ FPKM
FKibw, e B BB A G R A .
H2.2.17 T MU 2 2 AR B, RNA SR
F Hiscript QRT super Mix for gPCR (+gDNA wiper,
Vazyme) 71 & P TI0 3 S )BT, G B cDNA.
M2 cDNA Bt A 514), $%H8 SYBR® Select
Master Mix (2X, ABD & PCR RFE71EHITH
SHATFHETSLSR . MERTHIEEIT) 1/ Actin NS
HERNMs B ER PCR KA &, FH
Quantstudio™ 5 Pé)GE & PCR G TSI 2 2 &
PCR 5256, RFAMERIEHT 3 AR EE . il 274¢
15Xt ICS. SK. CS. DHNA-CoA synthase~ DXS~ DXR
e A PRIy v I PR L Y oot (ST VS E TR
KRR R AR G W& 2.
PCR 5|52

Table 2 Primers for real-time fluorescence quantitative PCR

SR AA R EIE/E) 51975 (5°-3")

ICS1 Cluster-24221.5-F AAGGATGAGACAAAACGGAGA
Cluster-24221.5-R TGGAGAGGAAAGAACCGC

ICS2 Cluster-14601.0-F TCATCATTGCCTCTTTCATTTG
Cluster-14601.0-R GGTGCTGAGCGTGAGTATTTC

SK1 Cluster-26492.5-F CGAAATCCCTCCTCATCCT
Cluster-26492.5-R AACAGTTCCATCAAATCCAATC

SK2 Cluster-18646.2-F ATAGTTGAGCCTTGAACAGACC

Cluster-18646.2-R

AAGCCAAGTTAGAACGAGAGG

CS Cluster-17119.10-F GAAGTGGTCCCTCCAGTCC
Cluster-17119.10-R GAACAAATGCCAATAGCCC
DHNA-CoA synthase Cluster-22418.29-F AACGGTCAATAAAATCACGC
Cluster-22418.29-R CAGATGGGTTCTCCCTCAGT
DXS Cluster-12750.0-F TCCAGTTGAGTTTGCCACC
Cluster-12750.0-R GGATCCGCAGACTAGAGCC
DXR Cluster-11858.5-F TAGAATGTATGATGGATTGGGG
Cluster-11858.5-R GGGGGTGCTTTTAGGGAT
Actin Actin-F CATTGTGCTCAGTGGTGGC
Actin-R AATCTTCATGCTACTCGGGG
3 GR55H

31 1FE4EM6 FEEHKXERZ HPLC S ENE
1 SEAE RN 6 AFAR R ER K 1 HPLC I /A 25 3
TLER 3, 2 PR PR A ELRR R AR BRI & A7 AL I o

ZS, 51 FEAME, 6 FADSRRERSERE
Fim (P<0.01). 6 FFAE R 2-F2 55 1- FH AU R
BER-2-RIR . Ao - 1-F i, A R P AL R
& B4 A 144 14, 29, 2, 2 fi.
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%3 BHEHXANMNEBERILEMNELER (xs5,n=3)
Table 3 Determination results of four anthraquinones in

M. Officinalis (x s ,n=3)
JFE B (g

124

5

1 F4 6
2- 3R 1- AR R 13.84840.095  203.467+1.122"
BE-2- R 10.008+0.011  293.840+8.281"
R P R R -1- B 57.819+1.680  100.518+2.320*
R RHEE 1485840275  28.872+0.858"

AR *P<0.01.

**P <0.01 indicate significant differences.
3.2 RNA RZESRETH
P 1 AEAER 6 AR ORI T S RNA $2HL,
R4S 21 25 FEAR RNA i 8K FE KT 41.00 ng/ul,
Azso/A2z0>1.86, Aneo/A2zo>>1.81, &8 KT 143
ng/uL, RNA 57E8¥E (RIN) kT 8.40, i RNA
JREA TR, v LAEAT N E T

33 MEFEERER

fEEE N P3RS 43.90G clean Base, #&Af /i
clean Base 1A% 6 G, Q20 H & LL#STE 97%LL LI,
Q30 #BLE 92%LA E, GC & &N 43.44%~43.74%,
Y FP 542 R AT, clean reads i &1, W& 4.
Trinity % clean reads HFATHf 4153 107 732 %
Transcript, #—FHHEFE] 65 939 % Unigene,
Unigene 7 511H#JE 2 50CH 137 901 438, “TFIKEH
2091 bp, N50. N90 737l 2982, 1095bp, =
2 000 bp ] Transcript Al Unigene fx %, HIEKE R
yNGAISTIRN R 3 NPT I S BRSO == 00 2T
B S5 G BT

F 7 EE clean reads 5 2H2E45 R Unigene it
AT HIEERE, BL FPKM B0 JE PR 2 5 &, 49 2B
S 3 8 (mapped reads) Fr i & 2ty AN T
87.48%, UM RAFBESETL . WL S,

x4 BEXNFHESIT
Table 4 M. officinalis sequencing data statistics

Ff b JR g B/ 2% 2R % 2R S B/G Q20/% Q30/% GC/%
YNI1 52762 268 51126 204 7.67 97.11 92.23 43.49
YN2 53095274 51264 190 7.69 97.40 92.81 43.54
YN3 44 859 726 43 887 330 6.58 97.40 92.52 43.52
LNI1 50 832 626 47 159 504 7.07 97.44 92.93 43.74
LN2 51 760 686 50 449 146 7.57 97.50 93.05 43.57
LN3 50542310 48 784 940 7.32 97.51 93.08 43.44
#*5 HEHXEGIT
Table 5 Gene comparison rate statistics

Ff f A R A RUEHE S (TLREE/%) BTUE . (TURCE/%) Z LA (TLALE/%)
YNI 25563 102 22 464 696 (87.88) 5877365 (22.99) 16 587 331 (64.89)
YN2 25632 095 22424 171 (87.48) 5877365 (22.99) 16 750 077 (65.35)
YN3 21943 665 19597 131 (89.31) 4804454 (21.89) 14792 677 (67.41)
LNI 23579752 20841 173 (88.39) 4994127 (21.18) 15 847 046 (67.21)
LN2 25224 573 22 165 198 (87.87) 5341190 (21.17) 16 824 008 (66.70)
LN3 24392 470 21481 765 (88.07) 5084 672 (20.85) 16397 093 (67.22)

3.4 BEEXH Unigene INEE T

P LK) Unigene 5 TrEMBL. NR. Z& K Ak
1 (gene ontology, GO). SwissProt. Pfam. KOG.
KEGG A AT HE, 55013 6, Unigene
TEREBIX LEHIE FE 1Y o b R E/N53 50108 TrEMBL.
NR. GO. SwissProt. Pfam, KOG. KEGG, 7t TrEMBL
Bl R B ARBUT S B2, 8 53 399 2% (/5
80.98%), MKy NR ##lafE, 53229 % (/i
80.72%), f£ KEGG K EIIARPIFFED, 33225
% (15 50.39%), FE/b— MR FERARE ) Unigene

*6 IR
Table 6 Annotation statistics

Bt Unigene/%% 7 EL/%
TrEMBL 53399 80.98
NR 53229 80.72
GO 47297 71.73
SwissProt 40 194 60.96
Pfam 39950 60.59
KOG 33 884 51.39
KEGG 33225 50.39

54014 81.92
65 939 100.00

annotated in at least one database
total unigenes




* 3850 »

FEH 2024F 67 £55% B UM Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

N 54014 2%, 15 81.92%.

Unigene J7415 NR #8220 185 54 EEXT
BREEFERE R, EERSFREE Coffea
canephora Pierre ex A. Froehner AL 71| UG AL FE f
1, N 36977 %% (69.47%), H GG IMBING Olea
europaea var. sylvestris L. (2.63%), Z K Sesamum
indicum L. (2.08%), ¥F#k Quercus suber Blume
(1.36%), HAHRNE AR Handroanthus impetiginosus
(Mart. ex DC.) Mattos (1.31%), Hi%j Vitis vinifera L.
(1.27%) %,

3.5 ERRIEEESH

PAllogoFC|=1, H FDR<<0.05 V£ Jyfidk b,
HIR1F 8 619 MERKISFR, X 1 4R 6 4
LR BT e A B RIS, KELE
WMRILFLRA 3597 4, TIRERILEREAE 5022 4.

GO A LAZIEAEY) -1 FE (biological process,
BP). 4iffi4H % (cellular component, CC). 43F1)
it (molecular function, MF) iX 3 KJEHIMZM
X B RR (1) 22 S A L R 34T D e B & AR, 45
K, LA 7039 FAEFFAHIER] THERE, E4D
s rh, FERE TN AR GE s 7R
ffIZH b, EERET E R E S YA
FISAAR: 7E MF Hh, FEERE TGN G W
2

Ak, R P E<0.05 I ZE F RIS E
L i E I KEGG L 29 %, KIZEFRIL
BN EE R AE S M IR AR BT & -5 2
oy, RN REYE R TR MRS, HE

FRIRAT, 2 BRAHAR B ER A& s, W h
FA%. WK 3,
36 ERAEVEMMBEXERNLEE

M ZE i AR FE DR rh i G 5 SRR 2R AR g
AR, LIRS 10 A0 (13 550 ZREKiX
PIFHSCHE R, 2R R T 2 B ) e 45 SRR R R 36
KRR B B B, D] 40 HH O R AL A
ICS (2 %% Unigene). DXS (1 %k Unigene). DXR
(1 % Unigene). DAHPS (1 %% Unigene). DHQ
D/SDH (M IhREHEIA, 3 4% Unigene). SK (2 %%
Unigene).CS(1 %k Unigene)IDH(1 %% Unigene )
DHNA-CoA synthase (1 2% Unigene). HH', 6 4F
A 4 B (6 250 BRI A E R R ) R IE &
T 1 %4, BFE ICS1 (Unigene %5 : Cluster-
24221.5)+ ICS2 (Unigene %i*5: Cluster-14601.0).
SK1 ( Unigene % 5 : Cluster-26492.5) . SK2
( Unigene % 5 : Cluster-18646.2). DHNA-CoA
synthase (Unigene %%"5: Cluster-22418.29). CS
(Unigene %5 : Cluster-17119.10). 4k, 55 4 Ff
(4 260 MREBEERL N T KL, B DXS
(Unigene %i*5: Cluster-12750.0). DXR (Unigene
Ym'5: Cluster-11858.5). DAHPS (Unigene %' :
Cluster-11170.0) IDH (Unigene %i*5: Cluster-
24058.7). DHQD/SDH (Unigene %i*5: Cluster-
23411.2, Cluster-15733.0, Cluster-24763.0) BEH
AR IA M) Unigene, XA FNIHFRIAN Unigene.
3.7 (xEEEHR) qRT-PCR I

IR PR S R A A G 6 2% RiRIAEE

6 590
5272 mm BP
mm CC
E =1 MF
ﬂ3954—
2636
1318 - L | —r——
S L v oS gwgWn oS Sg B oK > O > > oo = >
8872888828788z s
£ 8888788222380 EEEB 8 SEEFEFEEZEREE
S e S SRt REEgEECE2EE8E258888E%58
S Eeas s ag hAEEMESEE S 8285885 8c888pESR
<] o 5 EE 0 8B —— 8 g 98 o E % = 2
S ERE5E5 s s g g 8 S .2 = o= 2 e e oo [
Qp = = = S S Bhe o= B - O S 8395822 Qo Q2
o893 cgE 8 g =208 NEF 5 £ 5] 23588 Eg g8
-~ »o=06 0o 0.2 7 O aw .8 = = 3 kel Mﬁtsmoob“
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Fig. 2 GO classification results of DEGs
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