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Analysis of antioxidant enzyme activity in the leaves of 3 species of Pyrus
as rootstock
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Abstract: [Objectivel P betulaefolia, P. ussuriensis and P. xerophila are the main rootstocks in the
North, Northeast and Northwest of China. Antioxidant enzymes have close connection with plant
growth and development. The aim of the study was to investigate the antioxidant enzyme (SOD, POD
and CAT) activities among 3 species of pyrus and the connection between the antioxidant enzyme
(SOD, POD and CAT) activities and the salt resistance. [Methods]Six accessions of each species were
collected from “National Repository of Apple and Pear” in Research Institute of Pomology, Chinese
Academy of Agricultural Sciences in August 2019. The seeds of 8 accessions were collected and strati-
fied and then sown in the soil for germination. 60-day old seedlings were treated with saline-alkali solu-
tion. The activities of SOD, POD and CAT of both the leaves from the adult trees of 18 accessions and
from the leaves seedlings of 8 accessions were measured at about 25 “C through ultraviolet spectropho-
tometer. The mean value and standard error of antioxidant enzyme activities and relevance were calcu-
lated with SPSS 26.0 software, one-way ANOVA was used to analyze the significant differences, and
LSD (minimum significance method) was used to test the significant differences among the accessions
at =0.05 level. Origin 2019b APP was used for principal component analysis. [Results]Among the 18
wild pear accessions, the activity range of SOD was 37.55-206.64 U - mL', with the average level
121.57 U-mL", and the highest SOD activity was detected in the leaves of P. betulaefolia-Wujiazhuang
1. The activity range of POD was 32.71-455.60 U-mL", with the average level 177.55 U-mL", and the
highest POD activity was found in P. xerophila-Huangtupo. The CAT activity range was 58.72-237.71
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U-mL", with the average level 101.41 U-mL", and the highest CAT activity was found in P. xerophila-
Lingkong 1. Among the activities of POD, SOD and CAT of the 18 wild pear accessions, POD was the
highest, followed by SOD and CAT in turn. There were significant differences in SOD and POD activi-
ties among 18 accessions, but the differences in CAT activity among some accessions were not obvious.
The average activity of SOD, POD, and CAT for P. betulaefolia were 155.99, 98.78 and 89.26 U-mL"',
respectively, the level were 94.39, 189.73 and 138.43 U-mL"' respectively, as for P. ussuriensis, the lev-
el were 114.31, 257.27 and 79.68 U -mL" for P. xerophila, respectively. The overall levels of SOD activ-
ity in the leaves of three wild pear species were P. betulaefolia > P. ussuriensis > P. xerophila. There
were significant differences between P. betulaefolia and P. xerophila. The overall levels of POD activity
were, P. ussuriensis > P. xerophila > P. betulaefolia, and the significant differences existed among P. us-
suriensis, P. xerophila and P. betulaefolia. The overall levels of CAT activity were P. xerophila > P. betu-
laefolia > P. ussuriensis. According to principal component analysis, the first discriminant function ex-
plained 44.7% of the activities of the three antioxidant enzymes in wild rootstock accessions in the data-
set, whereas the second function explained 38.8%. Therefore, the two principal components could repre-
sent the information content of 83.5%, which could well represent the data information. Examination of
the coefficients of the discriminant functions indicated that CAT and SOD were the highest contributors
to the first function. But in terms of second function the highest contributors were SOD and POD. Then
we discovered that P. betulaefolia and P. xerophila could be distinguished by PC1 (CAT and SOD). The
accessions of P. betulaefolia mainly clusted in the first quadrant, while P. xerophila mainly clusted in
the quadrant 3 and 4. PC2 (SOD and POD) could distinguish the accessions of P. betulaefolia and P. us-
suriensis. The accessions of P. ussuriensis clusterd in the quadrant 2 and 3, and the accessions of P. sus-
suriensis and P. xerophila clustered in the same quadrant, mainly due to the POD activity. Based on the
principal component analysis and we calculated the score of each accession using the comprehensive
evaluation function. At first, we calculated the average scores of the accessions of P. ussuriensis, P. xe-
rophila and P. betulaefolia, and found that the scores of the accessions of P. betulaefolia were signifi-
cantly higher than those of P. ussuriensis and P. xerophila, and the scores of accessions of P. xerophila
were slightly higher than those of P. ussuriensis, and P. betulaefolia- Wujiazhuang 1 was the highest,
while the score of P. ussuriensis-Sunwu 10 was the lowest. After saline-alkali treatment, P. ussuriensis
and P, xerophila appeared wilting first, and P. betulaefolia was the most resistant. The SOD activities of
P, betulaefolia, P. ussuriensis and P. xerophila showed upward trends, P. betulaefolia rose by 525.69 U-mL",
P. xerophila increased by 447.52 U-mL", P. ussuriensis rose by 569.32 U-mL"'. At the same time, their
POD activities also presented rising trends, P. betulaefolia rose by 102.17 U - mL"', P. xerophila in-
creased by 472.19 U-mL", P. ussuriensis rose by 408.05 U-mL". However, the CAT activity of P. betu-
laefolia only increased by 52.95 U-mL"', the CAT activity of P. ussuriensis decreased slightly by 18.60
U-mL", and the CAT activity of P. xerophila decreased the most, by 104.51 U-mL". The average activi-
ty of SOD increased significantly, with an average increase of 507.28 U-mL"', and the average activity
of POD also showed an upward trend, with an average increase of 317.34 U - mL"', which was signifi-
cantly lower than the SOD activity. But the average activity of CAT showed a downward trend, with an
average decrease of 23.98 U - mL"'.[Conclusion] There were differences in antioxidant enzyme activi-
ties among various wild pear species and accessions. The highest SOD activity was found in P. betulae-
folia-Wujiazhuang 1, the highest POD activity in P. xerophila-Huangtupo, and the highest CAT activity
in P. xerophila-Lingkong 1. The antioxidant enzyme activities in leaves of P. betulaefolia were higher

than those of P. ussuriensis and P. xerophila as a whole, and the antioxidant enzyme activities of P. ussu-
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riensis was slightly higher than that of P. xerophila. The antioxidant enzyme activities of P. betulaefolia-

Wujiazhuang 1 was the highest, while P. ussuriensis-Sunwu 10 the lowest. The activity of SOD and

POD showed a trend of increase after the high-concentration salt-alkali treatment. The CAT activity of

P betulaefolia showed an increase trend, and the salt-alkali resistance of P. betulaefolia was stronger

than that of the other two species.
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Table 1 Experimental materials

e} i e} i
Accessions Species Accessions Species
LIRS S LA T S ARAL
P, ussuriensis-Zaoshu P. ussuriensis P, xerophila-Chemingyu7 P. xerophila
JiEIIE7= S S RS AREY
P, ussuriensis-Shengshan P, ussuriensis P, xerophila-Lingkong1 P. xerophila
EIE S s KT A AL ARAL
P. ussuriensis-Wuchang1 P. ussuriensis P. xerophila-Huangtupo3 P. xerophila
2R3 S S S RALL S AR
P, ussuriensis-Antu3 P. ussuriensis P, xerophila-Pinganl P. xerophila
ARTIES S S EE gy AL
P, ussuriensis-Hongmian P, ussuriensis P. xerophila-Wujiazhuang P. xerophila
INFLEL105 S AT HE AL ARAHL
P, ussuriensis-Sunwul0 P. ussuriensis P. xerophila-Zhaoancun P. xerophila
WvEFEAL3 5 kAL REEAR S it A
P. betulaefolia-Shanxi3 P, betulaefolia P, betulaefolia-Wujiazhuang1 P, betulaefolia
iR ) [ “PEZ A2 S FLad
P, betulaefolia-Shanxil P. betulaefolia P. betulaefolia-Yipingyuanxiang2 P. betulaefolia

—FEZHAL S FLA
P. betulaefolia-Yipingyuanxiang1 P. betulaefolia

KA L= ik
P. betulaefolia-Tailinxiang1 P. betulaefolia

R2 HWAMEMRY

Table 2 Experimental materials for salt-alkali treatment

s i g A
Accessions Species Accessions Species
A3 s kA Rasil AL AEd

P, betulaefolia-  P. betulaefolia P. xerophila- P. xerophila

Shanxi3 Lingkongl

INTICY e = Pz A ARHL

P. betulaefolia-  P. betulaefolia P, xerophila- P. xerophila
Shanxi3 Pinganl

KSR 1S A LS IIES USE

P, betulaefolia-  P. betulaefolia P. ussuriensis- P, ussuriensis

Tailinxiangl Zaoshu

R AL AHL ARITET IS

P. xerophila- P. xerophila P. ussuriensis- P. ussuriensis
Zhaoancun Hongmian

NaHCO::Na,CO:=1:9:9:1, R4 5L AR FL  FK 754
Tirf & B6 BE 77 5 B 72 94 B O 300 mmol - L) , il 11 Ab B
14 d, KR4 i b 3 515 DL 45 ARAC L, BB 4 24 5
A E R RS AR .

123 # 3o A4r Al SPSS 26.0 i+ H Hi A LB
PE)SF-34E L Fr i 1= F0AH G , K H One-way ANO-
VA %5 58 E 4T, FH LSD (/N 25 1 22 R 78
o= 0.05 7K 7 T A 56 it b 2 [ 1) 22 e 2 1 A A
Origin 2019b 1 [ PCA HEAT 53 43 BT o

2 ZERE55¥

2.1 18 EFEFRNEILEREM
R 3 Fron, 18 40 AL A4 ¥T IR 1) SOD 3% 4 N

37.55~206.64 U-mL", P SODi{E A 121.57 U-mL";
POD %P4 32.71~455.60 U-mL", *F-}J POD i% 14 K
177.55 U-mL"; Il CAT ¥4 58.72~237.71 U-mL",
P4 CAT G 101.41 U-mL".

18 3 ZLEF A4 B YR ) POD “F-23% M B¢ K, SOD
BRI, CAT V- 353E P e/ o Her, SOD ¥ 1
e RRFEMR 1S5, 8206.64 U-mL", #h 511
AL 10 5 SOD i P F M1k ; POD ¥ 1 5% i 0 A2 3 H 3%
AL, 2y 455.60 U-mL", 2205 111 54 7 %5 ) POD ¥
PERAR s CAT e A i 2 RS 15, 823771
U-mL' 3G PERAR 2R ILEL 105 p < 0.05
KPR BEAT 7 2 BT, R B B (8] SOD % 4
POD Jif P K #AF1E 2 35 22 57, 1] CAT 3 P AE 5 53 Fh
JR ) ANAFAE 35 7 5
22 FAEMBFEMARERERSIUEEELE

WP 1 Ao AL SODEM N 155.99 U-mL ™,
71 POD & 1 9 98.78 U-mL', V- ¥ CAT i& 1 N
89.26 U-mL"; KZL V15 SOD % 14 4 94.39 U-mL",
P POD 5 4~ 189.73 U-mL"', V14 CAT i& 1 N
138.43 U-mL s Bk 724 SOD &M N 11431 UmL™,
V15 POD 35 144 257.27 U-mL", V- 45 CAT 3% 14 Ky
79.68 U-mL".
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Table 3 Comparison of SOD, POD and CAT activities of different pears wild rootstock accessions

L SOD i ¥4 POD i 1% CAT i1
Accession SOD activities POD activities CAT activities
H#L AL P ussuriensis-Zaoshu 131.09+10.21 d 111.11+6.94 g 66.98+1.48 d
L8k P, ussuriensis-Shengshan 199.65+1.67 a 408.93+10.13 a 61.70+1.69 f
THEIIAL LS P ussuriensis-Wuchang 1 104.39+£12.95 ¢ 147.94+12.86 d 79.1642.45 be
ZB’1112L3 %5 P ussuriensis-Antu3 112.91+6.77 ¢ 175.56+£20.37 b 99.81+2.38 a
2L EE P, ussuriensis-Hongmian 100.2949.68 i 376.93+23.92 a 111.43+£3.20 a
INRILFL 105 P ussuriensis-Sunwul0 37.55+5.13 m 323.16+32.76 b 58.72+3.99 g
SR 111%L 7 5 P xerophila-Chemingyu7 152.71£20.41d 32.71+3.69 m 135.27+£10.88 a
RZEL1 5 P xerophila-Lingkongl 79.30+8.79 1 56.41£9.23 237.71£7.50 a
#I11%13 5 P xerophila-Huangtupo3 84.28+10.11 k 455.60+2.51 a 101.70+1.96 a
F2R%HL1 5 P xerophila-Pinganl 97.49+8.80 j 339.02+11.90 a 90.13+2.92 b
RF 1L P, xerophila-Wujiazhuang 103.38+14.85 h 93.81+29.43 h 145.65+10.88 a
REATHESL P xerophila-Zhaoancun 49.19+1.99 1 160.86+6.04 ¢ 122.74£2.95 a
WL V§kEAL 3 5 P betulaefolia-Shanxi3 17431581 a 140.17£3.62 ¢ 99.7242.54 b
W PGHEL 15 P betulaefolia-Shanxil 107.73+4.74 f 93.814£29.43 i 70.33+5.99 ¢
— VI 23415 P, betulaefolia-Yipingyuanxiang1 170.36+7.01 b 132.39+13.24 f 62.94+3.24 ¢
KK HAFL 15 P, betulaefolia-Wujiazhuang1 206.64+£28.98 a 46.51+8.06 k 102.08+2.21 a
— VI Z§312 5 P, betulaefolia-Yipingyuanxiang2 155.33+£5.96 ¢ 68.09+8.42 i 76.65£3.74 a
KM Z K215 P, betulaefolia-Tailinxiang1 121.56+9.68 ¢ 32.9348.151 102.61+3.31 ¢
SF-H{H Average value 121.57 177.55 101.41

L AFNG FRERIRTE p < 0.05 KT EZEREE,
Note: Different small letters indicate significant difference at p << 0.05.
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Fig. 1 Antioxidant enzyme activities of wild pears

rootstock accessions
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Fig. 2 Principal component analysis of antioxidant enzyme activity in different wild rootstocks of pear
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Table 4 Principal component analysis of different pear wild rootstock accessions

F KL Accession PC1 PC2 154 Score MAEL Accession PC1 PC2 184 Score
REF AR 1.26 127 3.7 Wk AL L -0.06 0.25 0.20
P. betulaefolia-Wujiazhuang1 P, betulaefolia-Shanxil

FEnGIs LB 7 = 1.23 029  1.99 JENIEE -1.28 1.47 0.00
P xerophila—Chemingyu7 P ussuriensis—Shengshan

P Z A2 0.64 0.69 1.67 ZILEL3 -0.06 -0.10 -0.21
P, betulaefolia- YlpmgyuanxiangZ P. ussuriensis- Antu3

I PEAEAL3 0.36 094  1.57 SIS Rs) -0.22 0.02 -0.27
P, betulaefolia—Shanxi3 P. ussuriensis-Wuchang1

—PHEZ AL -0.08 1.31 1.41 R AT B 0.03 -1.39 -1.58
P. betulaefolia- Ylpmgyuanxiangl P. xerophila-Zhaoancun

N 0.36 047  1.03 Pz g Al -1.03 -0.43 -1.88
P. betulaefolia-Tailinxiang P. xerophila-Pingan

L IR -0.08 0.64  0.63 AR -0.92 -0.68 -2.03
P, ussuriensis-Zaoshu P, ussuriensis—Hongmian

R LR 085  -0.69 034 W HLAL3 -1.48 -0.92 -3.06
P, xerophila- Wujiazhuang P, xerophila- Huangtupo3

RAEL 206 209 034 IR INEL10 -1.57 -1.04 -3.32

P. xerophila- ngkongl

P, ussuriensis-Sunwul0
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Fig. 3 Changes of antioxidant enzyme activity in wild rootstock of P. betulaefolia, P. xerophila and P. ussuriensis
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Fig.4 Changes of antioxidant enzyme activity before and

after salt-alkali treatment
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Table 5 Principal component analysis score statistics table
of different pear wild rootstock accessions

after salt-alkali treatment

1k} Accessions PCl  PC2 #34) Scores
IHVEFEEL | P betulaefolia-Shanxil 1.70 -0.37 2.56
W PEELEL 3 P. betulaefolia-Shanxi3 1.37 -0.16 2.18
FHUIAL P ussuriensis-Zaoshu -0.10 237 1.9
KM Z 1B P betulaefolia-Tailinxiang  -0.04 -0.17 -0.23
FZTREL 1 P, xerophila-Pingan -0.84 0.04 -1.39
2L EL P, ussuriensis-Hongmian -0.52 -0.60 -1.44
REFTHERL P, xerophila-Zhaoancun -0.88 -0.20 -1.68
RAWEL P, xerophila-Lingkong]1 -0.69 -0.90 -2.00
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