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E. LT ( Chenopodium ambrosioides ) A IR A R A B AR EAE FH H ] LA A A P R e AN gl i AR K AR I 2% 40 Y ( Root
border cells, RBCs) X ML EA GMHAN . MRV —RUN 1953 F B, LA 3722 ( Fagopyrum tataricum) HAFFER G M E T 46 1
FIIF K AR BT M AL PR DR B RBC AL FIFSER RBC 4RI T4 (ROS) JHE 4 5 7 (0,) FITN (MDA ) & i LUK 4t
AL [ AL B AL (SOD) (i S LG (POD) Flid AL S0 ( CAT) TR 22 55 o P T )2 D0 e 40 A b 3R A B %o JHG
AR H 152 T AT qRT-PCR $03iE, 45 R3RW: TIROT KB IRIRAL B | w5 AR IR ROS 05 Al MDA 113 & DA R i 4k
fii(POD il CAT) iG TEW] 25, H RBC BBRALI T2 . Sl R W], THRT KR S A B , B BRAER B RBCs L1 TN
R A o-MERRBR AT S B ORI e H IR i 8 2 A ke Herp R 3R Ui B LA ) 3, A BR RBCs J5
2 BN AR E AR 5 ooV PR TR 508 208 6% P A9 55 g /K f% B8 ( steryl ester hydrolase, TGLA4) FIfEIEHE A1 ( phospholipase A1, DAD1)
B 25 R A, TTERS S RBCs 4R WAR AL, TGLA Fl DAD1 1 545 Wi A MEAH B fre AL I ) - Y0 RRIRR , A 3 Ay 2k K 542
DU ISRATR (JA) SRR E IR . eAh, SRR A DGR f BT A AN G U R 7ERBR RBCs 4H W 0%, |k
RGE RARW AR % A0 L o SE WA AR P TI H) B G (R B B ) P B AR BT A1k 2R G (B R AN 28 e H k) AR 31
B KPS T, LSRR SR HTR (JA) I3 T AR B AR o 5 7, 22 R I A 1 0 o A SR 36 5 E 300 S /K s P ) o
2, BRI — R L3 AE AR A F b 43 38 38R o8 R i — 2D WP FEAIE

SRR LI ARIBAEHT w R 22 s MO G AR M 5 ARSI e e

Mechanism of root border cells alleviate metabolic disturbance of Fagopyrum

tataricum by the allelopathy of eluvial pathway from Chenopodium ambrosioides

GONG Yiyu, XIE Yuanyi,LI Jiuyi, MA Danwei”
College of Life Science, Sichuan Normal University, Chengdu 610101, China

Abstract: Root border cells (RBCs) are a group of cells that exhibit distinct gene expression patterns. They are detached
from the tips of plant roots and distributed into the soil environment. Similar to mammalian immunocytes, RBCs create
barriers within plant roots, thereby playing a significant role in plant defense mechanisms. Chenopodium ambrosioides, an
invasive plant, exerts a substantial impact on neighboring plants, altering their morphology, physiology, and gene
expression. The aqueous extract of C. ambrosioides inhibits the germination of seeds and growth of seedlings in Fagopyrum
tataricum , whereas the root border cells alleviate the adverse effects of allelochemical stress. To investigate the molecular
mechanism underlying this mitigating effect, we examined the changes in the levels of reactive oxygen species ( ROS),

superoxide anion ( O, ), and malondialdehyde ( MDA ), as well as the activity of antioxidant enzymes ( Superoxide
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dismutase, SOD; Peroxidase, POD; Catalase, CAT), in the group with preserved root border cells and the group with
removed root border cells, following treatment with aqueous extracts of C. ambrosioides. The results demonstrated that
treatment with the aqueous extract of C. ambrosioides significantly increased the levels of the ROS, O*, MDA, and the
activities of antioxidant enzymes (POD and CAT) in root tips of Fagopyrum tataricum. The RBC-removing group exhibited a
higher increase compared to the RBC-preserving group. Pathway analysis revealed the notable alterations in phenylpropanoid
synthesis, alpha-linolenic acid metabolism, flavonoid synthesis, and glutathione metabolism in both the RBC-preserving and
RBC-removing groups following treatment with the aqueous extract of C. ambrosioides. Specifically, the phenylpropanoid
synthesis pathway was primarily suppressed, with a less degree of inhibition observed after removing RBCs. The expression
levels of steryl ester hydrolase ( TGL4) and phospholipase A1 ( DAD1) in the alpha-linolenic acid metabolism pathway were
significantly upregulated, while no changes were observed in the RBC-removing group. TGL4 and DAD1 were responsible for
catalyzing the conversion of phospholipid choline into alpha-linolenic acid, which provided abundant substrates for
inhibiting plant growth and enhancing resistance to jasmonic acid (JA). Moreover, the synthesis pathways associated with
cutin, suberin, and wax, which contributed to root hydrophobicity, were significantly altered exclusively in the RBC-
removing group. These findings suggest that root border cells strive to achieve a balance between growth and defense by
influencing the synthesis of stress-resistant substances ( phenylpropanoid pathway ), antioxidant enzymes, and non-
enzymatic antioxidant systems ({lavonoids and glutathione) , while also enhancing the expression of JA. This, in turn, helps
mitigate the allelopathic stress caused by water-soluble substances of C. ambrosioides. Finally, the composition of the
aqueous exiracts was complex and the component plays a major role in the allelopathy is still to be confirmed by further

research.

Key Words: Chenopodium ambrosioides; allelopathy; Fagopyrum tataricum; root border cells; metabolic regulation;

transcriptome

W H 4 (Fagopyrum tataricum) W0 5742 HAT 0 & M HT AL SO BB VER, AR = T & 2
SRR AN 5 A5, B R IR 19 50 5 ALY TR H AT B 2 S O RIRROM
SRR TR RRWIG R Y AR T IR A P (R I BUR AR (HAR SR AR RS RS IR
ZEL R IGEE . EIIF ( Chenopodium ambrosioides ) J5i = T #Hy LM, & —Fp it BLpE B M0 & B i E
TR g PEM S IR IAES RGN 5 g fAeas ] BHOG UK BRI E S C R, K
VE RGN N 2SI A Fh D) AR AE S5, D B A U B R 3 22— HIRI ey skad B v il A 4
K R Sy JE A 2 AN RO B O K AR 5 5 5 TE K R R R A RS2 R A )
AR 21 H 32 B HAR A . BRIk 38 75 IR T K VA M A S J5 A JRRAARE 18 AL, R 0 e vy 5 22 KA
HAGE M A LR A EEE L, ARt BRI R YRR 2T RO R YR TR LS
SR A A 5T 1 2R AL AN ), el s D — 2 1) A2 0 ARSI T BT T AN 58 4 AR TR] . AB ) AR A7 16 R
TR HR AR S S v (R AR A 5% 43 IF: 1 AL B A RE 7, AR P43 AR A 2150 BUE BhHE RS, i &) 52 B O A5 52
M), FH AR e F I AR 323 2% 41 9 (root border cells, RBCs) TE B — AR 40 i A1 o e 72 24 IR AE A= 9 AR A= W e 1Y
BB {H RBCs J& 5 22+ IR /KA M AL 5 (9 s B ML W R 2 . 6T e n) 0, A5
DL IRGT /KR SRR AR T 5 P PR AR 30 25 200 it 2 TN RS B AR 0 5 A0 B A v o 5 22 ARG AR AN LT 4\ ROS |
0, MDA FIHT A AT PRI UL 35 H] mRNA-seq FORMITE T A HUERZH vy 5 22 AR AT A M 7 A6 SR 3 1Y
[ A %R 2 S I %, DA S e () A QO i o ) OGBS L FE P LA h i R B 22 S ) JF kAT
qRT-PCR $GiESE K AR5 284, 5 TE MR AT IR T /K I PE AL B B A B Y 2 A 80l R s v 3R 42
RBCs Xf T HI T A PR A S B 14 537 BIL I, A < B as” il S A e AR 40
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1 KBS TE

1.1 #hk

TFRAR T R LI TR A U148 Bl L VRN 28 7 B R AR M AR AR £101°55'53.04”,N28°19'14.17”,
TR 1980 m, AFRFE7K I 1150 mm, 4F e i 20°C , AP A ARG 10°C ; Bk Hh R/ —F0 o0 1 i 19 3% 357 4
F,0.5% KMnO, K 20 min J5 , 2818 /K P AK 24 h 28 A FE 3 9000 b 3800 R 5 T35 37 22 JFAE R ) 4
H 78 AR A TR, 35 % 2—3 em /DB,
1.2 HIHRIT KR & o 5 A
1.2.1 KR

30 ¢ LITTHENH 300 mL ZEIEIK (1:10) IRIEAEHEIE I T, BT 25°C F1 130 v/min FEEIRIRY; 48 h
J& 4 B E 2 W, g 2 ¥k, 155 0.10 o/mL KR FEY BRI, 50 B ZE 1R K B K 0.01,0.02
0.03.0.04 g/ml F10.05 g/ml /£ AL FHH
1.2.2 KA E

W 1.2.1 HIE R 2RO YRR 0.45 wm A IE AR U8 | 7658 5% 7% & A 60°C B 7KV Hh ifE 47 s e
T, IR IR TIRAL L BRAK A3 J5 43 A W4

5514 BEAE I B 1.5 mL KR EED & TR A 8 mL Y EEI VR, (B s v, 32 S8 i O
2, FEEMBNT R, BEAEBGE B B T2 O 6 mL H EE A S e
b ZWRFERGERE FIRADER SOTAER 3 WK, K 3 IRFEBURE T 60°C FZK IR T HEAT IR E T, BE TS M)
B FR HINA 2 mL H EES WA i 7% 20D 2 H

B2 4 HORR OERANIE T EEAENL, SC0 B E P TR 558 1 MR, 7 R TR 3 IRFEBGE T, A 8 mL
E TR ES PR PYR A3 R, 3 TR A2 BORE T 60°C /K I 88 h e AT I8l i 1, i T 1l (515
BRI 2 mL IE T BEA A e 7 2R

FAAAR TS - B L (GC-MS ZHE(E 7890B) Kl +-FRIIF AR Y AL 7y, iAo HP-5MS EAIE
K, #A AT (99.99%) MR A 1 mL/min, /7 28.8 kPa, HERE TR BE A 250°C , 43 oM 50:1, AR TR
50°C ,A#4% 1 min, FHEEF N LA 5°C/min, FHEF) 230°C 445 5 min, FELA 8°C/min 1Y TR H R | FHiE 5] 280°C ,
SRIGIRRE B 5 AT, ELTE . TR 70 eV, 32 R 280°C , B TR B 230°C , PUMATIREE 180°C , ¥
FIFER 2.5 min, FRERR FETEE m/z 50—550 amu, FAEEIFE 0.5 s, 5485 HE 1200 V., it f
I 0 S e A A T AT, KB BRI 42Dl NIST 08 MS library and AMDIS,
1.3 Rk MR A KK

Fh 8 R0 . AR B A )2 AR B B 95 L 4 5T A 30 R Ak (9 25 55 22 R, 40 SR S mL AR T) vk
(0.01.,0.02.,0.03.0.04 ¢/mL 1 0.05 g/mL) {9 IR IF/KIZEEMAL R | VL 5 mL 2808 /K A0 BRAE X BRAH | 2 )5 &
6 hin 1% ML P oRh FE3E 2RI K AR R A B R R 2, A A R E A 5 IR, AT b B T 25°C K5 %40 h g b5
Fio LS 0SB RELITE L FHEZE(GR) (GR = n/N x 100% , 211 n IR HE,N HFF 55

ARA RIS . BRI IR SISO 10 KR, 2 JEFP -0 & X000 3 26 5 d I AR, THFAR 11
PR (IP) (AP = [1-(L,/L,) ]x100% ,=CH, L, A PR AUARSS , L W BEZH AR |

0.05 g/mL I/KEFERAL BE T MR AR I AR A A8 A f K, I S0 ot FHIZ MR B 1) KR SRR AL 3
1.4 M Z AR iR
141 RABEIT

BC il 0.8% 2 By g 55 75 ik, 73 2% BN LIS K 32 b (&1 90 mm, B4R 68 mm) HY, B 30 mL, 121°C K&
20 min, %, B R R FRIE SR NIE A B A B T 25°C R FRAE T AR TR S FIRAR i S A
AR SR e B S , 7E 25 C R FRA TP B s SR B B Y L MR 5 mm B BEALSY R 2 4,5
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1 ZH AR AR 2 h Wi 0.05 ¢/mL HHIIF7KIZ IR, LAZE IR K X B Re 22 A0 3 24 h; 55 2 412 M8 Brigham
ST I s AT kgl BIEERS 2 bR R AR A ZENE K 2 min , T I 1 98 4045 4548 22 ] SR B2 9 RBCs )5,
TR R A AR AR 2Bk RBCs MO , SRAF RS BRAR IO S A AR 2 LA E 5550 1 41 —30, {* B RBCs FIRSER
RBCs fXF BRAL 23 SiC i CKW FlI CKN, AbBEEH 43590 CAW Fl CAN, Bp4b 3 3 AN, AR E, H
ddH, 0,8 ¥k 3 W, T 75% LB TS, 50 W WIR Y, — 3R I Febn 288, o5 — 3B o sl 7 v 0 b s AR %
FEET T3 S22 50T

1.4.2  ARK ARG &

AR I - FH RO B 45 P 3 2 AR

HRLTH AR E WA MR E T4 A b, 1 AO/EB YL MG Y4 (4, 2 min, 7F Nikon ECLIPSE 55i #¢)% ik
e T I IR
1.4.3 ROS.0, il MDA il &

ROS JF A7 WSS B 5 a2 AR 10 pmol/L 1Y 27,7/ - 5L R . 4R FR ( DCFH-DA) ,37°C i 4
4,30 min'"*' |, T PBS 22 b B AR 22%% B2 1) DCFH-DA V&4, 7 Nikon ECLIPSE 551 9¢) i (45 i 6 (i & Ot
TWRELFEHA A, FH Image proplus 6.0 I &1~ H34e ROS MY s, HALHER 51K,

0, DA RER K B A2 K RIS 2 mmol/L AYAISFETE PUME (NBT) 44 15 min i, FHZEIR /K PRiEAR 5%
B YL 1 Nikon ECLIPSE 55i %% i fBi 3% F WEEI 4R, FH Image proplus 6.0 & AR 0; BYYL (i
B, AEES S K,

MDA Z il e ; R BRARIU FE N 5 mm w3 EMRARL 0.1 g, A 2 mL TCA( =& L) M/ i A b,
WHE R A1 BN 4 mL TCA #F— B | 7E 4000 r/min 250> 10 min, F1EWCY MDA 320K, RAFMAE
FCZ 8 (TBA) 355 MDA &80 A0 ESR 5 K,

1.4.4  PrAALHG s PRI

AEFREE T FHZR IR g AR - % B AL PRI, BT 5 mm KT 55 22 AR 4R, AR AL FRFR I 0.5 ¢, i S mL
A PBS & iR AE vk s B WP , 76 4°C 54T 10000 r/min &850 20 min, b5 0BG . R FH 280 D m
(NBT) S Abad Ji 2 i 5 i 546 9 157 AL B ( Superoxide dismutase, SOD) TEPENT A AR B I S i E AL W)
( Peroxidase , POD) 76 1) Ho 66 00 52 1 S8 AL U ( Catalase, CAT) 36 ARACBREAZ 5 Wk,

1.4.5 g0t

RNA $2H RN 12 s 2 iR (CAW 1-3,CAN 1-3,CKW 1-3,CKN 1-3) J§ 3 RNA Jlif7,
PRUEFEERE I Trizol i HHEETF I MR B RNA RSN RNA B 5 i vk BE B4 J5 , A A Oligo (dT) Y REER
&% mRNA, FE/SINA fragmentation buffer ¥ mRNA FEFLFTHI . A mRNA S, H7SIRFEREALS |4 (random
hexamers ) & ¥, cDNA 2 — 4%, SR J5 1A 28 th ¥ . ANTPs 1 DNA polymerasel & il ¢cDNA 2 — %%, i J5 F) F
AMPure XP beads 2L X% ¢cDNA, 4lifk i) W4 cDNA FF-UEAT K I iB 52 0 A B IoF 2 v 3k, SR 5 H
AMPure XP beads #17 F Be RK/NESRE , B #1T PCR & 15 3 54 ¢DNA 3C%E, 7€ lllumina HiSeq 4000 F-
G EXT 12 A SCFESATIN R 153 raw reads, X raw reads $EA7i3 I8 B #5153 clean reads,

522 3N 3 B 22 S RE IR ) i 8 - i Hisat2 (v2.0.5) ¥F clean reads 5735 42 i i 8 5 7% BL K 4H 7F
FTHEXT, i ] Feature Counts v1.5.0—p3 it B A4k 7R 4 FEAC R 1 55 5 FPKM {H, ] DESeq2(1.16.1)
AT 22 3 IE N (DEGs ) 635007, ¥ padj<0.05 & llog2foldchange | >1 15 b2 5 i & bR

YIREARIER 4335 . 8 FH Gene Ontology ( GO, http://www. geneontology. org) W ¥4 i &8 DEGs 5 i A= 9 33
& AT FUIse Ml 015 B . i Kyoto Encyclopedia of Genes and Genomes( KEGG , http ://www.kegg.jp ) #f
5E DEGs 2 5104 Wik . 4 R 42 clusterProfiler #{F% DEGs #47T GO H1 KEGG &5 4M#T .

DL py it PR BT AE A R A B B SRR

SEAFE R PCR(qRT-PCR) U A AOAR SR, ff A4 RNA $REGAF & (B3¢, 1) J2H RNA, A 5 X
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HiScript III qRT SuperMix (i#MERE B 50 ) 1 2 wg RNA #1730 5% 5% . rf% ¢cDNA FH T qRT-PCR, fiH NCBI ¥
BRI A RIS (CHS) SR A HE(LOX2S) (N WA LW & (A0S) N 46 S LlE (AOC) A BEH
JREAL W (GST) A D H kit S AL Y ( GPX) Fn4s e H BRIA S5 ( GSR) S5 R S P9 (R 1) . 7E CFX
Connect Real-Time Systemq PCR 32§ F1i B W FE : 95°C FiARPE: 30 s B /5 95°C 48P 10 s .60°C iR K 30 s; 1t
IRIEIR 40 K, HGHERMBEAAAE 4°CF , o F3 EEPEE NS IR, i 2-AACT 353158 Fr e 6 9 (0 A X 3
KK

x1 EE3IMF5

Table 1 Sequence of gene primer

FEH Gene 1E 514 Forward primer SLIA1514) Reverse primer

AOC GGGACCGTTATGAGGCTGTT TTGTACGGATACGCCACGTT
A0S ATTCTGCGCGTTTCGTCCTA ACTTCTCCGTTCACCGACAC
A0S2 GAGAATTGGGGCGAGTTGGA AGCTGAACTCAACGGTCCAG
CAD CACATGGCCGTCAAGTTTGG ATCAGCCCCAAGCAAAGTGA
CCR ACGCTTGCAGGCCTTACATA TTGTATGGCTTGGCTCTCGG
CHS1 TTGGATCGAAATGGCACCGA TCAAGTCGGTCATGTGGTCG
CHS2 TCAAGTCGGTCATGTGGTCG TTGGATCGAAATGGCACCGA
CYP73Al TCCTCCCACCTAACCCGATT CGCAAAAGACGTGCTCCAAA
CYP73A2 ATTCAACGCCCTAAGCCGAA GGCGCGTATGGTTGAGGATA
DADI CACTCCATACACGTGGCAGT TGGCAGATGGGCAACAGTAG
FAR AGTTCTGACCGTGAATCCGT ATGGTGTCGAACAACCAACG
GPX CAAATCGAGCAAAGGCGGAC TGCTGGAAGGGGAAGTTGTG
GSR CAATAGCACCCATACCACGC CGTGCTGTGATTTTTGGGGG
GST2 TACAACCCCGCGATTTCACA GAGGCAATGTAGATCCGCCA
GST3 ATCACGTTACACCCCGCTTT CGAAGCTCCACTCGCTGTTA
HHT1 GAGCTCGGACGTGTTTGAGA TAGCAGCCATGGAGTTCGTC
LOX2S TGCCCCTTATGTGTCCGATG AGCGCCGGAGTAACTTGATG
TGL4 AATCTCCTCTCAGCCCTGGT TTCACACGGTTTTCGGTTGC
FtH3 GAAATTCGCAAGTACCAGAAGAG CCAACAAGGTATGCCTCAGC

1.5 it 5500

T R(v.4.1.3) XI5 4 284 AR AR A [ ROS [0, MDA & 1 ML A AL B PEHEAT - 56,
R {1 Pheatmap %f FPKM>5 )22 5 2 [ R 50H7 , 8 FH Microsoft Excel 2019 % qRT-PCR 1 RNA-seq %5 & 75
FAAE , BEA TN H 237

2 ZHRESH

2.1 IR A
TR AR Lt W LR O IE T BEAEBUR , 20 R I R 29 F 68 Fl 19 Ry, 3 2 41 T #8404
X E KT 1%,
2.2 FIITAKIR BRI SR 2 b 0 & A K B B AR

W IR T R ZERME T AR SRR R T AR (B 1) . Horp,0.01 g/mL KRR TRUL - X35
FEA W R ZFRWA R FLA A BRI B 2 B A T 53R 2 MR T & (P<0.05) , 24 30T /K IR S Vv
K5 0.05 ¢/mL B, 3535 FhF K ZER AR (38.67% ) 5 tEANFIRE IR IF AR BBAE T, #5552 AR ) 2 5|
ANTRIFRBE B0 405, AR AR ¥ S S I 4, LR 5 /KR SRR MR B T i3, v 3R 22 AR K AR 4, 50 IR 7 B
F2EH(P<0.05) (1 2), HH0.05 g/mL AY7KIZ IR 55527 S 2F FAR (3 il VR A K, B0 22306 il 11
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0.05 g/mL B T HITF KM

Table 2 Relative Content (%) of Aqueous Extract of C/

R2 THRFKERRBRE=ZFRARBFNFHENESE %

)podium ambr

ioides in Three Different Solvents

H B R TR A IE T B 51

Methyl alcohol Ethyl acetate N-butyl alcohol

4- Rk 4- IR (25.11) 4- 7Rk 4- IR (17.00) THRTTE(27.24)
BRI 2 2 —RE(15.28) 2-HE-3,5- A - AH-BKIE - 4-Ff (13.02) TR T IR (24.57)
2,5- I 3E-3-E B2, 5- T FE(8.69) 2- T 48 FH L5 (12.08) St TERF T (10.83)

-2, 3- A B e (5.23)

7-H - 53 f5- 4- (10.48)

2,5- A HE-2,5- T A KIF (6.93)

437 F-4-H I (5.86)
P 2-FH 61, 100 (2-HI BB 4R 3E) (4.18)
ST THR(3.12)

JARBTRFZ 2 ZFE(9.41)

CR 4- T 7SS HEH (6.80)

ST (6.16)

(3-5 MR- 1- TR IE ) - 4- 52 FE- 3,5, 6-= FT Jik-
2- - 1-F (3.56)

2-F L AR F (1.85)

2-(1-P9 - 2-56 ) WEWY (1.37)

1% (3.81)
WE-—H 4559 (3.07)
I — iR (2.44)

8-T- 2- 5 A0 /A MK (1.81) 5-T TR -4- W LS 2(3H) SRR (2.69)

2- M, 4B 35 (2.51)
RABTRHAZ 2 —HE(1.67)

J\A - 8a-F2FE-(2H ) -Z5H (1.57)
1,1,3-= 5 1R 3R-3- 1000 (1.15)

P=1.17X10* 20 P=583%X10"
> g 51%-009 P=235X10"°
100 - =0. P=9.30X107
. L2000 £ 15 __P=0002
S s g P=0032
IR I e
Sl 5]
w2 0L o |o ’ Sl (o] @ .
& E 3
g 40 2 ;KK [}
2 i o
O S = s °
20 ° °
0 0 °
0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 004 0.05
KRR IR IR IR JE
The concentration of aqueous extracts/(g/mL) The concentration of aqueous extracts/(g/mL)
B1 THFKERENEFEHTFEFHNZN B2 THFARRENEFEMTFRIKAZIG
Fig.1 Effects of the aqueous extract of Chenopodium Fig.2 Effects of the aqueous extract of Chenopodium

ambrosioides on germination of Fagopyrum tataricum seeds ambrosioides on rooting of Fagopyrum tataricum seeds

£ 0.05 g/mL + IR FFKIZHEBAE T, £ 8 RBCs 41 CAW A CKW , HAR KM R 2 54.96% , F2 %
RBCs 41 CAN A Et CKN AR KN R /2 69.49% , il WL2:BR RBCs J& 7% 57 22 AR Az K X 301 I AL gy 3 §iF
TNEURR (81 3) . ARSEARSAIIE AO/EB Yt B ([ 4) KB, T 3R AR AL 1% 1 R BN CKW>CKN, CAW >
CAN, 5% RBCs MR MR G, 7E LRI KIZ BEMAE T, BBk RBCs (995 352 2 iR TE MR B AR, R W
RBCs ¥ Ff 2 AR BA —E R PERL
2.3 HIRTFAKIZ BRI AE T AR S AN M X S A AR ISP A AR R SRR

£ 0.05 g/mL HFIFKIZERMIE T, B RBCs 410 CAW [ ROS,0; MDA /K43l J& CKW 1% 1.30,
1.59 f%5H14.01 £, 226 RBCs 417 CAN £ ROS .0, MDA /KF 2 CKN A 1.40 . 1.85 {5 H1 5.12 1. 7Ei%- 8
RBCs 417 CAW A SOD . POD ,CAT 7K F-/3 %8 CKW f4 2.56 .3.10 15511 1.88 15, 2% RBCs 20 CAN 9 SOD |
POD ,CAT 7K3F-J& CKN 114 1.83 3.47 f5H12.42 35 (K 5—10) . W HHIF KR T 75 2RISR
LR 58, B bk RBCs Ja 2R hFEE A,
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2.4 ESEYE A R
2.41 RNA

it RNA F 28 76 BT KR SR BAL B R 3557
EMRIL A, 12 SRR T 803242424
raw reads , H:H1 2B raw reads "3k A 3 DR AR
JFi e reads F1 N J5, CAW , CAN , CKW , CKN 3k 15 14
clean reads 73 %l N 62688671 . 60040278 , 77931373 Hil
62176320, TG REAHE3 Q30 ( AL 0% EL I T 5 1 %
A 1/1000) #83d 93% . fii ] HISAT2 #4454 clean reads
5Z %I NAIATFH) ELXT, CAW  CAN . CKW FIl CKN
XA 94.70% 95.00% 94.23% F1 94.17% 1Y reads VTHT
FNSH R,
2.4.2  FHITKEBRFEAE T MR A0 X 3 5 22 AR

RFIRTE

U FPKM>5 (95 4T log2 #5305, 1 R
£, Pheatmap 54381 CAW _vs_CKW F1 CAN_vs_CKN
N AL FIR R (F 11) , B4 Nl kb 2 R0 %o AR
ZRZERAR K, FefA 5 27 FL R 4 DL L 15 3] 36663
ANBELAL, U T 1 2% LA Pl &2 1 log, FCI>1 H P, <
0.051 2= A H F /R 22— R 515341, CA Fil CK Z
) S 7 32 B () LU 3 i % 4579 AN FE R AE CAW _vs _
CKW #2253k, Horh 2607 A& K F R, 1972 43
KR ; CAN_vs_CKN ZH 7 945 AL 22 3 3R 0k
o273 NSRBI, 672 AN FERBE IR, HFROT KR
PEAC S A 493 P IERTE CAW _vs_CKW F1 CAN_vs
_CKN ¥y 22 5 365k 3¢ B 3 S 356 PR 7 5 55 22 i g £k
JEA) ST o R TR
243 HHIGTKERBFHERFERESENESEDN
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