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Abstract: Phragmites australis, as a wide-ranging perennial aquatic plant, is wildly spread in the worldwide. Phragmites
australis has adapted to adverse terrestrial habitats such as saline meadow and heavy metal pollution, which makes it
become a model species for studying plant environmental adaptability, and has become a research hotspot in the fields of
botany and ecology, gradually. A large number of Phragmites australis had been planted in natural and artificial wetlands in
Beijing used for removing water pollution. However, the mechanism of monitoring water quality by Phragmites australis has
not been clearly studied. In this study, we investigated 8 major water quality indexes of 32 sampling sites distributed all over
the major water systems in Beijing and Baiyangdian of Hebei. According to " China National Surface Water Environmental
Quality Standard GB3838—2002" , the 8 major water quality indexes include pH, dissolved oxygen (DO), total nitrogen
(TN), ammonia nitrogen (NH,-N) , total phosphorus (TP) , biological oxygen demand (BOD) , chemical oxygen demand

(COD) and permanganate index (COD,, ). The results showed that the pollution of 32 water samples were relatively severe.
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While, the contamination of 32 sampling water were able to be degraded by using microorganism. In addition, the water
quality of sampling sites was slightly alkaline, and had the characteristics of high nitrogen (N), high phosphorus (P),
high BOD and COD, which indicated that the contamination of sampling sites was extremely serious, and the major
pollutants in water are TN and BOD. Principal component analysis (PCA) showed that the 8 water quality indexes could be
divided into 3 dimensions, the first dimension was COD/BOD/COD,,, ; the second dimension was TN/NH,-N/TP; and the
third dimension was pH/DO. The water quality indexes within each dimension had a high positive correlation. We further
screened out 247 transcripts associated with water quality indexes ( Pearson correlation coefficient, PCC = £0.55) using
Phragmites australis transcriptome data ( RNA-seq data). Among them, most transcripts (93.9% ) were positively correlated
with the water quality indexes. The proteins encoded by 132 genes of Phragmites australis related to nitrogen and phosphorus
pollution are mainly involved in photosynthesis and protein quality control systems, including protein folding, sorting and
degradation ; there are also proteins involved in transcription, as well as plant defense systems, signal transduction and lipid
metabolism. In addition, there are a large number of unknown proteins. The proteins encoded by 89 genes of Phragmites
australis related to organic matter pollution are mainly involved in protein synthesis process and the expression of
detoxification genes for degradation of pollutants efficiently. Moreover, it was found that genes transcription and defense
system were also response to organic matter pollution. In addition, there are a large number of unknown functional proteins
involved. The combination of two genes, PB.4621.1 ( encoding GMP synthase) and PB.12079.1 ( encoding LEA14
protein) , is expected to become a core member of genes for monitoring water quality (N and P levels). Overall, we
analyzed the transcriptome changes of Phragmites australis leaves, in order to obtain monitoring genes that can reflect water
quality, and to explore new ecological uses of Phragmites australis. This study laid the foundation for the subsequent

development of monitoring technology for water quality by using Phragmites australis.
Key Words: Phragmites australis; water quality index; water quality; transcriptome; correlation
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Fig.1 Schematic diagram of the sampling sites
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FEH AR nALEIEY] AREIEY
Gene names Froward Primer (5’ to 3') Reverse primer (5’ to 3")
MU IR % £ & PB.12079.1 GGATGCAGATGCCGTTCA TGGTTCCACCCTCTTTACTT
A% E 2R E A PB.3207.1 CAGAAATAGCGAGGAAGC TTGAAGTCGGAGTTGAGG
SR A M (GMP 4 i) PB.4621.1 TGTGGGTCCAACGGTCAT GTCGGTGTCACTCGCATT
KAMEH PB.631.1 TCTTCGTCGGAGTTTATGTT TTGGTTCGGTAGGCTTTT
TATA %55 EMHF PB.9173.1 TATGGGATTGCCTTACTG TTATTTATGAGCGACTGC
18S KZHi{A RNA 185 ATGATAACTCGACGGATCGC CTTGGATGTGGTAGCCGTTT
2 HRE5HW
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& (BOD) AL (COD) MR RIRERIEEL (CODy,) o 18 2 i RAE UK K BHE bR b, 45 Rk W LT
JIAKFER BOD # L =, 3 50% 7K AE BOD {EBITEIZ V 2KArHE (B 2) , ML S, ZHCRFESUKER
Hif) COD il COD,, [EARTEZE V ZokbrifE (K 2), FILE BOD &M A K SUK BRI Z —,

BEAN KRR TN B 5 0 A, R i) 2 A IR VT R 1 3] K AR v L P 23 i R V28K A
(E2), 1MifEZHoKAH  NH,-N & AR, RAJGE I — Bl E R V ZJOKARiE, X R IREE K
R ARG EENMEESR (K2), 2F TP &t HE2H0KIE TR TEZK O ZJoKbrdE, HIE L Fin
AR o3 KA e e e R 58 V2K bR (1 2) o S i e B 2 5T BT iy A il i s R I K L4
HER TS,

KREHOKEER pH Y76 7 DL L mfsdt . 15 DO {EAE/KEEH 25 20 K, A I AR R T 2K AR, A 1
I ER V RKERE (K2) , XEH TR DO Sz MR R Zmi a5 mii Kk A mEcE Al
Wyt LA TOKAE KR B R R

R A T 7 B A2 245 AR R R AR LA B | e L = RS BOD AR A,

2.2 R SRR TS YRR B AT

FIFHBR pH AN 7 TOK BHE bR, TR ST R K RIWLE G5 Y4850 (P {A) , a0 3 Fion, MEHATLL
F X 32 AP RAESUKEER Y PR 1,78 KIRA FI5 JeiRAs . Hodr, RIE T B T i PB4 3R
2.29 F12.12 R T5Y i N B PN IK R . HAR K R TG YRR B AR AR (181 3)

HE— 203 H EEG YY) oA (VRIS X T2 G5 PR BN DTmk B/ i Lh ) o 25 AR ERITX 32 42k
FERKEE R 2598 TN F1 BOD , -3 73045853 511 28.27%F11 22.92% ., 1fii NH,-N [ 5r fHH 5L, B
4.12% (B 3), WHIE , AFZKR T F235 PP A AR, an7kcE W K3 0 ALz 0 K A ) 32 205 g
Y1k TN F1 BOD ; ) (1R /K A4 1% T B y5 e TN FI TP T PR T K AR 1Y 323595949 &y BOD 1 COD,,, . 1
PR R RIET K R SRS Yl ™ 8 SR TS Yo R R Ik 54.19% (1 3) .

2.3 KITHRBRIAE A S B

&l 4 AR 8 T K BT HEBRAT 32 AN S5 RAE s EAT E AT (PCA) AYZER ., MIEIH AT DUA B, SRA A5
FEAR HAT H BEOK ZR 4040 AR i A BENURFERL K, BT =A UM RS X 7 80% IFE s, MILLZ N, A
8 MRE A5 S R E B BOIRAS B D13 B23 .33 ,.C34,C35,Y02,.C31 A1 B28, 472 8 COD BOD Fl COD,,
X 55— F AT SRR B K, I TN NH,-N Fl TP %45 — FE i my sk ok (K 4)

PCA 43#7id it 7, COD ,BOD Fl COD,, Z [A] BA7 15 BE IEAH OCPE , TN (NH,-N Al TP ZZ [A] 1) 1EAH PR AR
5%, pH A1 DO Z [AIHA —E MIEAH M I, BRI i) 8 T /K S48 A ml BH 5 X 70 B 3 /N4 3k J 4
(R 25 0 S 0 AR L TAREE . i, TN NH,-N Fil DO Z A2 A (K 4)

2.4 K5 PR o

TEARAT FIR 32 RSB P B sk (RNA-seq) BUEJE , Jy 1 HE40 25 5% sk 2 b S5OK BTHR bRAH G iy
IREER A T G SRR FPKM (B 57K BT 8 A8 05 Z 0] i B2 R AR A C R EL (PCC) , B BRI T A FEA R
SR Z R 22 F 8/ AN L PCC = +0.55 AR (A HE 17 07 16 | foe 2 07 18 11 5 7K B AH DG ) B SR AR 247 4>
R T BAEIX AR, U FIX 32 ARSI 247 AN SEAR Y FPKM AESE 7387056 S 4 1) 2= 104353 Hr , an A
5 Fim . AT LI AT 10 SRS AR B L, Hod 8 N5 32 ANFESUK IR R PCA 438 o B ok s A —
(K 5), Zih FaRGER AT LI E X 247 A FE DR 0% i/ OF- BAE S e /K 1A 5 s R 22 Ak, AT )20 40 R T AE
A A S5 W S P

Bl 6 LA T T IX 247 NG SEAR 5K T bR A S, 51T GO B AT, BT LIE ), 5K 5

BhR I EA GG AR 2, it 232 A M A G A HA 154 (Kl 6) . W —4845kE, 5 TP
R B kA Z 35 62 A>3 5 TN NH,-N Fl COD,, #HIEBIFE A 51124 33 .32 131 4515 COD FHEHY
SRR B 34, AR, A 44 DR 5 ZFoK s bR A ¢, I B 2 BRI A MHOCHE M FR AR 2 8], A

http ; //www.ecologica.cn



824 xR 44 %

O KGET WK A LB v e FEE

a
) ? 80
=1
£ 0 o = o v
[} =1 — v
60
e v 1 £
H o9 20t A v w3 v
—_ = [ A S ALy v
H 8 10 '} £ —m v S84 ah Al T:t‘ "
& ‘I o v = 205 [ o A
2 e e IV 8 . LAY VIl
a M Vil g .
0 2 o
20 1.5
[ ) - v
S
> X . A
gE 15 . v £ 06
= ,0:" = b Yyv ? —
HES T %5 — A
@52 10 5 i %}_i_ v ﬁ§04 . N %
BES " % g A v
EE  sE[ I ATy m =02 Aa |
o A 11 v
a L r I g I I V7Y e s S |
. SR " SN NI P
25 . 5 8_0l .
3 15+ 240
E, 3 20 v v
E 5 o Adaa v & &
& E?D 5 Hgls L 1\%
w4 © 4 v = = —_—
) E 3 - %LL } g 1.0 v 11
; ) g'na v g 4L
E 1 - ;E 2t ,—_I_—\T. l\;llv g 0.5 - I 11
'y \ A I L
0 = eyl 0 E*ﬁ!éi“ﬁ#“&£¢4:4 ------- I
9 ~ — 20 -
Y = N
[ )
o A vy %15—. M
= EARES. % § . v
A = 2 A v
E it it ¥ ov [ {% £ 10 Ah Ty e
aha v g — e A
’ = i = Y
* 2 5 ' = 1
° @ o = ad
a = I
6 0 A
KB KAERT AIZ I WA e K SEA KA LIBT3 E

7K % Water system

B2 RERKEKFIERS T
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