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Abstract: Chlorella sp. is an algal attached to the branches and leaves of Torreya grandis ‘Merrillii’. To ex-
plore the relationship the Chlorella sp. to Torreya grandis ‘Merrillii’ and to study the biological characteristics
of the Chlorella sp., the Chlorella sp. was collected from T. grandis ‘Merrillii’ trees in three different regions
and tested. According to an indoor culture, the morphological characteristics and living habits of the Chlorella
sp. were observed, and the DNA of the Chlorella sp. extracted had a sequence specific amplification of 18S rD-
NA. An Internal Transcribed Spacer (ITS) gene sequence was also performed. The final sequence was aligned
with the Basic Local Alignment Search Tool (BLAST) to draw a phylogenetic tree in neighbor-joining (NJ)
method with three replications. Results showed two different forms of green algae, A and B. There were differ-
ences in the species of green algae in different areas, but they were mainly in the form of the A-type green al-
gae. According to morphological identification results, the A-type Chlorella sp. was similar to the morphology of
Chlorella ellipsoidea which could cause tomato green algae disease; the B-type Chlorella sp. was similar to the
morphology of Ulothrix sp. which could cause cucumber green algae disease. However, the response of Chlorel-

la sp. to pH was similar to that of Scenedesmus obliquus. The sequence alignment showed that the 18S rDNA
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and ITS gene sequences of the two forms of Chlorella sp. also had a high homology with Asterarcys quadricel-
lulare of the Scenedesmaceae family with the similarity rate being 100%. Combining traditional morphological
methods and molecular biology techniques, group A Chlorella sp. was identified as Asterarcys quadricellulare of
the Scenedesmaceae family and group B Chlorella sp. identified as its variant. The two groups of Chlorella sp.
had the same ITS region gene sequence as Scenedesmus sp. SM15_4 (KT778094.1) belonging to the
Scenedesmaceae family. In conclusion, Chlorella sp. had favorable biological properties such as alkali resis-
tance, a long growth cycle, and resistance to decay which helped it live on the Torreya grandis * Merrillii’
tree for a long time. [Ch, 7 fig. 37 ref.]

Key words: forest protection; Torreya grandis ‘Merrillii”; Chlorella sp.; morphological observation; phylogenet-

ic tree; Scenedesmaceae family

FHE Torreya grandis ‘Merrillii” & 41 5 28} Taxaceae HEW Torreya grandis WL R AE 28, 24 N T
WH G I ARG 0 UL R SR, o2 E AR oo — AT N DR G A R W
ZifH . MRS E Sy — K, @M EIER &Y, B KAWL S I X iE . fIFE . BN AR
MRS LG, X)), sl sess, Mt HAaR, maiiansk, 28 10 2404 (0. BIGKX)
WEG I RORAE . ARk, BEE B A R S, FAMELREN 3 H B, SRS B E R ATk,
JEHGE N AR, HOAMER 7 065 1 7 AE AR G 0 8 v B 7 2R, R RECEMERI LT, BT
SR THER M E . B RS RIOE 7 A RS ENE o A AELRBE Chlorella sp. 2y /NERFEJE Chlorella )
AR S S RY R B R A RN R R TR 1 K S 5 B RS, R A JE T 4% 1] Chlorophyta,
HAERMEA B2, B b — IR N A AESR s, (HEA U E Ny H 2T & (moss) Fl 1L AK
(lichens )", & RAEFEXILHIE I IESAT TS, AL TERLH B, HAFIIEM A, W
AR TCE 18 . ARG G AL G F I o> AW HR 30 Xof 7 A 2 3 1) 355 7R L4 S 188
rDNA Fl P 5 s (8] B8 X (ITS) ZE R P 810 40 Hr, 4R 3 T B MRS 0 A2 00 1, 020 5008 1 A AR e 1) s 28
B, R AR EE 1 L5 BT A AR Ml i) o A R A AT Y S i

| R I

1.1 et

L1l Ak 2017 47 o), FEWLA BN TG 22 X L2808 v Il i M VLA 1 B 17 3 b IX
I3 AR R FARSREON FAERT f, B BRI SCEE KB T A/ T0 R ARG it ) AR AT 4
REWHT g

L12  BR3EJR ik GOERE IR R0 SE WU/BA S IR 52, oA ss FR BEmC O EZ U R - SR AN
250 mg L™, ZKBERE 47 75 mg L7, LUKHRBREE 75 mg-L™', —KGEALES 25 mg L™, WEfR A8
175 mg-L7, SALHA 25 mg-L7, 70K =308k S mg-17, AS 4R F 1.000 g L7 (EE 15K 2.860 ¢-L7,
VUK EALER 1.810 g- L7, L/KEER#E 0.220 g- L™, FKHERM 0.079 g- L7, PU/KGH 2R 0.390 g-L™) il
Fe-EDTA 4b¥¥% 1.000 g- L' (4045 2 — DU Z 82 4h 10.000 g- L™ FlS/k & =4 40%8k 0.810 g-L™)™, g il &
FO I 1A 1 7 B 48 pH {2 (6.70£0.05), 76 1 LA R B i A 1.500 g Bt hil, 28 mil K (121 °C,
30 min) ¥ BEJ5 P N SE [ A B 770

1.2 KT *

12,1 ZEeyRs s WORFEMSEERGY, & THA 100 mL SE /& /& K5 77 500 = i i & 5
%, IR (23+2) C, SEMEERE N 6 000 1x(120 wmol-m™2-s™), 24 h £F406M, Bigg 2 JH10,

122 2ty & ALz SRAPFARRIZ 3 B A IR 5 15 705 1 B R4t i e 7 SE [ {A B 57 0k |
gksrsn e 1 G, ARIEEERNIE SRR A FIE S M s s R A e B, 43 3135 97 T SE WA 1G58 5
H, JRIEATRORSE SR — LA, HREAHR WD HA —FIRSNSEE, R4 A F B 4 2 4 FAfsk
B, EHIDUESEOR, I HIPO0 BB RIC % .

123 AAMEZEFEARBEZGLH N A A B LA ML E TR IBC1~2 A0 T x5 BOs KA e, o



5536 5 4 IR i HIE 2R e 1Y A )~ R T S R A 631

SE T A 100 mL K B SE SR B S 30 = A, 7RI EE S (23£2) °C, SLREERE D 6 000 1x (120
pmol -m=-s7), 24 h #FFZOG MM FRE D, #MEEF 1A, M3 NHELE, BRPEBKEREFRRES 1
W, Bk A RE A, FHLAERR 2 d AR5 AM JE 6 R T 680 nmM R I SR B

124 pH/As ARG E ARG YR A B 27 HELE BT 55 W b 43 3 B 1~2 3% % B 4 309 1 38
A pH {4 6.0, 7.0, 8.0, 9.0, 10.0, 11.0(fH 0.1 mol-L™" £k F1 0.1 mol - L™ & & (L4017 ) 1y SE &
RIG SR, R AR (AR pH () AT IR, Kie 3 08, M3 AHEE, HEMW 2 d ER0 a0t
680 nm 5 W EE

1.2.5 18StDNA 55 3B (DFHELEHE DNA B4RHC, B 100 mL X #2E K038, 2035 % 50 mL &
L8, 6000 r-min™ B0 10 min, 3 F3, UM KRBT EE )5 ] TaKaRa MiniBEST Plant Genomic
DNA Extraction Kit(%i#% 9768) ik 7| &R BIL N DNA, Q5194 M. JH T HAZLEH 18S rRNA FA Y I
251 % MA1 (5" -CGGGATCCGTAGTCATATGCTTGTCTC-3") 1 F i 51 4 MA2 (5’ -CGGAATTCCTTCT-
GCAGGTTCACC-3"), i ki T H AR A RA G AT A . GPCR P8 DL A HESE S RE §h A KL R 41
DNA it , % FHESEEE 18S rDNA #E4T PCR §7 1% . PCR S RifAZ& g 50 pnl, f0fF. BzEK 21 pl,
THI¥4 1 nl, DNA il 1 wl, 2xGflex PCR 2% Wik (855 F, ANTP plus)25 pl, Tks Gflex DNA Poly-
merase(1.25x16.67 nkat-L™")1 pL, PCR g W &1 : 94 CHZE1E 1 min; 98 CAE 4 10 s, 55 CiE k15 s,
68 CHEf 60 s, 30 MEFF, PCR =PI 5 pl £ 10 g- L' (1xTAE) B JI5 B SE e f vk A S, W8I Al
G PR R A T AR B ] (TaKaRa) HEA T 7

1.2.6 ITS B3 KB DAFHELRSEAE 5 A BE 41 DNA S#EA, 4351 DL IE S inl 5| )% e 38 ITS X F 17
PCR §" 8, J£xF PCR F=#y gk 4710 6 . 7ML 35 1TS 1E K2 18] 51 9 41154, 1800f: ACCTGCGGAAGGAT-
CATT , LR 1850: CCTCACGGTACTTGTTC th K% % ¥ LA R v (TaKaRa) #1745 1. PCR K4
F AN S5 18S xDNA J7 53R BUR 1 — 2

127 ZA X AR A WPEs RS 2 E E AP ARG S o (NCBD) B0 19 B0 R 2R 17 ted, IFH
Genetyx ¥ (i 17T Z )7 56 5745, ik MEGA 7.0 8488 (NI R L B, 3T Kimura2-
Prameter J7 %35 B fE BB (A, 1145 Bootstrap i, & 1 000 k'™,

2 HR5ik

21 BEEFELERALBHMENZER

XF 3 AR b SR I HELSRBE RS IR AR R I . FAEAR B 2k 2 PR S SR B, BBk . K
NG R S B Al R A SR B Ao A LR B AL, OB ASZE R UL IR 1, I 22 R 1Ll DX OR 4 17 75 A
SEEEI M A UM B AR WL AS SR 4L, Wi B XOR A AR R A A SRS, RUR
) 3t X AR B T S AR A, (HEZLL A UESSEN T, XTRES Y P s nfhif %,
DR 38 32 B30 1ok 23 R b i e AT AL RS, R A B Y 22 S & S EUE R B ZRETED . MRS
SPEERE, FRSE)E TE B Lufialgen aerophtische ZEFEY IR A8, 5 /NKBE Chlorella sp AS[R] 1)
B R TS R A, BT ZE K 4 T LB RN R ZE P A 2

BRI S T BASEGIL R E T B T A FE . RS A I ik R E o ik

A1 2 AAMEEHE N KA BB ER N

Figure 1 Fluorescence microscopy observation of two groups of Chlorella sp.



632 TR AN N N = 1 2019 4 8 1 20 H

B T L, AR BEAR TR . o /NEE T A 2 A M SR AP 26 . AT 50 378 2o 96 0 0 U L 2 45 B 1
W A GEREGE N R, FA% 10.36~22.79 wm, MR WS AN A0, A0 EETE FLOGIE ;s AR
Ve, RGO, JCHIE . B A MEGE 540G I S K TR, MR, K 21.07~25.21 um,
95 10.36~12.43 pm, BFGHIAZ L FAMA—00; WiE, G0, 40000 LIRREATE , B4, A —
FE AN, 2 AN 5 (1 TN S S 2 3 Ulothrioe sp. HOTE AR AF S AR — B, 2 AL B ARSI
T 25 45 M 5T A I T 5 0 2 3 8 4 Al P35 S 25 R — B2, R A A 9 i 7 2 7 B T L
IV AL
22 2EABWEEMEKE

FHEG WL KA ME 5 SR, FER I 127 A
Gl V391 6 M/ G 08, 0 AUk K L A e
SR, R VR G R A, E R Ik
WA, EARETHIR, WEEEHET I F UL, MRS
FEUG A, B ETE . B, mE 2 WM. A4
TSR E IR, BT 4 d BRI, 45 5 RFEAME o4
AR, 85 31 Kk AFAE N B 417 A St UE 6 5E I 0
5,552 FCEDHE AHEUE KN, A 29 K AKEN; 2
HEMGHER A GNP GEE, 3 RXEAME 0 Y™ 5 o 15 17 21 25 29 3

—=— B4

0.8 —— HHAGEAF)

W Ot FEE

AR, A 27 RiEATEN td

HAlh A B AR IES MR A R, ks, & T OETERRRELOAE LR RS
RELR I TR A AR RO R R B MKC B A4, H B2 ARSI A K
4, 5 9~13 KL F 2 (P<005); FHHESERF 19 d Figure 2 Growth curve of Chlorella sp.

JEAEREOR MR EIMRIR S A4, B4, HA, ¥557 23 d ik i K (P<0.05), FRW] 2 41 7 HiE 2%
AR -2, BAFMEREETEA KT A L, A HEMmEE A K S0H, H 2 AFEs
WAFETE R R, FE 2 HEMEBIRA G ERKABRENE (K 2), @ AR IMAS R M. 2 HEMmE
BRI BBERKAERAY, 1A NG HEAET I, IS AR LR WA T ok,
2.3 pHEXMFEEEEKNEM

A 3 A . A 4IRS EEAE pH 10.0 A pH 11.0 A5 35E EA K ey, 22 @ M (5 5 d)Jg
PR R A, KA EAL T HAMA L, pH 9.0 53 i) A AL BEAEES 11 RIG KA, K
PFZ W pH 10.0 1 pH 11.0 By FMELER, H pH 6.0 FYIEFR LU B AMH A HFEMESE MR LK . FlE
SRR A K R F /MK YR O pH 11,0, pH 10.0, pH 9.0, pH 8.0, pH 7.0, X4 . pH 6.0, 15 A
H AL el A pH BN 11,0, BERH A 2 B RSk 3E S 7Em PR S rh AR G, BRPESR BT 24l A 41
FHELR A

By & 3 AT . B ZH A HESE LR AELE pH 10.0 1 pH 11.0 A 35 38 58 A K Bel, 78 B 20 3& W 0 (7 3 d)
Ja B A G, KA WAL T HAB S A, RIS 15 RS 13 Rk A E M ; pH 8.0 # pH 9.0
W FRFE ) B AL SEAESE O RI K HE P, K@ Wr#zir pH 10.0 #1 pH 11.0, FF437I4E%E 23 K
S 19 Rk AT EW ; H pH 6.0 (3557 W] A B 4145 HELR 38 1Y AR K o A4 e 2E 1 JH0R R 5|
MEYR R pH 11.0, pH 10.0, pH 9.0, pH 8.0, pH 7.0, X M4 . pH 6.0, 5 B 4 FHELk i e i A= K iy
pHAEN 11.0, VLW B 2H 75 HE 45 i o 35 A 7 Bl Pk 2R 58 b AR 4G, R M PR B [ A 23 90 i) B2 75 e 4 38 119 2
Ko MILT A AFMELSEE, BAFMSE T R AfREN, HOCREEBMIT A AFMESE, XAl
A S5 A0 HES S5 A A G, FEIREE MR T B 4l A RS BE M G 1

B pH 2B R AR AWE 2 A B EZ 2 N T, pH (H 2 52 W 15 77 3% v 35 40 i %)
TCFR B W MSCRIR] LA SO AR ™ P i R T, DT 552 Ml 358 288 1) 0 A R RIIFE I A T 20, B — R s 2R A
EHBIEAN pH EE, 54 pH (H4 % 3280 A KA A ER >, B 20 . Nk
Ffel A= pHAE N 7.0, 1 #HE M Scenedesmus obliquus By Feifi A4 pH{E N 9.0, AT EI/R: FHE
SRBEAE pH 11.0 355 T A K e dy, DB LB AT B hr iy i B g g, 3 5 @ AR A e X pH{E % 52 0 B A AH
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Figure 3 Effects of pH on the growth of group A and B

L2, FRWIARELR B0 AR TG 2D Mk 5 RV E S ST 40 . AERPE RS, A M T dERE AT Y Ay R, X
U 5= WIS R OE SR A5 R B0 AR pH E AR T8 A K, 78— 0 F S 19 pH A/ RE A 4 8 40 it 3
o PRI, MRS IS A A KA PE IR, BRME R A A RO i A HE SR B A A 4G, X Ry T AR 4 B 1Y)
Bt P At 1R R

2.4 2 HEMEETE 18S IDNA F5I 43 #7

X LA AR MR 2 4L AEHESEEE CTG1003-XQ (A 4) fil CTG1003-SZ (B 41 ) #47 18S tDNA 751 4 ¥,
Prs K EES S 1 678 bp By KB (8 4),

NCBI H BLAST Z5 5580 . FF LR A 270 B 4119 18S rDNA #5751 5¢ 2 4H1H], H 5 GenBank I
J& TR Scenedesmace 1) Asterarcys quadricellulare KNUA020 (JQO043183.1) Fl Asterarcys quadricellulare
Comas 77/75(AF388375.1) iy [alJR PE &, AR IE 100%, K S AT LA . A 408 B 2 7 HE 2% i IR Mt
R B R — X, W Asterarcys quadricellulare KNUA020 F0
Asterarcys quadricellulare Comas77/75 )75 ;5 3 FF Ky 53, 1L R
2 0.00, Ui B IX 2 41 A HE S AR A Al BE JE T Asterarcys
quadricellulare ,

G S F I B —ERRE, BRIEEZER/N . EER 2000 bp
WK | A R R S ECURR B E T 2R IR, X 1 00 1y
Wy 59 BOR N IS T AR, B R AR A W ol ) B TR 22 ok g R 40 2R
Poff, AT AP AR E S R ARk, BN A A R X 18S
rRNA BE[H R Be it 26 5 e A %8 T 2 Rhse 260 (Hlg FH A B
PRSFE, AGE FF 50 @ B oc i g [ sk H g Fh s, Ap 5y il
TR FHELEEE 18S tDNA JFHI M & B FHESE N F o St B4 2 AREM ARG R 18S

B8 Asterarcys quadricellulare 7% %% 9 2B, EPIE T AR P HF rDNA PCR ¥, 5 A

HE 2 3 % pH (B4 R o F A 5 B M 3% Scenedesmus ob liquus I 45 Figure 4 Electrophoresis of PCR products 185
SRR, 2 W) S MR o 3k 5 AR B 252 4 s 1 4 (DN o two representative Chlorella
RAR—B, 5 R IRTEH XA HE SR AR "

25 2AFMEREITS FIlHH

X RAEEMER 2 41 EFHESE % CTG1003-XQ (A 41) MICTG1003-SZ(B 21 ) iy ITS XN R Btk 17 ¥ 51
RN, UMK B 874 bp BYJEN A BL(1&1 6), H. 2 ZH A ARAR EE A BHE P 41 58 42— 2. AR FAG-
GIAN ZEBYRgR43 e, FHELRE ITS1 XK 297 bp, 5.8S rDNA K 287 bp, ITS2 XK 290 bp.,

NCBI H BLAST 25 R3¢0 . Fiffsgse A 4170 B 4119 ITS X JLH [ 51 55 GenBank I+ Asterarcys quadri-
cellulare 1 Scenedesmus sp. SM15_4(KT778094.1) i) [R] P51 &, AHRIR IR 100%, HE 7T LIAEH: A
ZH RN B 20 A A 2% v BR M e Bl SRR R — S, IR Asterarcys quadricellulare F1 Scenedesmus sp. 179 5 L FFR
99, BAEMEE M 0.00, FHH 2 41 A HE S w5 MR Asterarcys quadricellulare L) J Scenedesmus
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Coelastrella saipanensis LY31-2(MF407353.1)
54 ‘ 65 |Chlorophyta sp. SL-2016(KX395729.1)
77 ‘ L Coelastrella saipanensis(AB055800.1)
Ettlia texensis SAG 79.80(GU292343.1)
Coelastrella sp. ACSS1083(MG696570.1)
83 Scenedesmus costatus(AB037090.1)
61 | Chlorella emersonii(FR865661.1)
Scenedesmus vacuolatus(X56104.1)
53 | Asterarcys quadricellulare KNUA020(JQ043183.1)
Asterarcys quadricellulare Comas 77/75(AF388375.1)
Chlorellasp. CTG1003-XQ(GroupA)
Chlorella sp. CTG1003-SQ(Group B)
Asterarcys quadricellulare(KT280061.1)
Pseudospongiococcum protococcoides CALU-221(KU057947.1)
Coelastrellasp. SAG 2471(KM020087.1)
53 | Scenedesmus sp. IB11(KF791548.1)

Scenedesmus sp. Kid(AB734096.1)
Coelastrella sp. KNUAO037(KT883907.1)

A5 2aRAEMEAMEE R 18S tDNA 57 69 2 A& A
Figure 5 Phylogenetic tree based on 18S rDNA sequencing of two representative Chlorella sp.
sp. HY ITS XL P51 — 3, ARG RPE—PIETE T FMSE S M A2 B4l
MR R OC R, SAHEGE b ALk B 18S rDNA P51 1
XF ) 485 A — 3,

FMELE S 18S yDNA FE 4 A1 ITS X FL K FE 413 5 Asterar-
cys quadricellulare FPLI3RI5 100%, F B FHMELKEE Y Asterar-
cys quadricellulare J& T [F]— W) Flv, 55 22 BEFI/NERBEOE 5% K &
B . ALK EE ITS X B 7 5] 5 B 1 Wy F Scenedesmus
sp. [ ITS X FEPH 7 HI AL 22138 100%, {H 5 1 18S rDNA
FEAIA 228K, F M EE ITS [X 5 R 5 5 il [ 45 ST 1 45

AN F TR0 A R X a3 o 3% AT A H Al B BIF 5T 4l R A
JEE — ik, ITS KEER AR SRR, WA B 6 2 mX Ak A4 e ITS PCR &

1 000 bp
750 bp

%ﬁlﬂ%lﬁ&ﬂ@ﬁ%ﬂ%x@#ﬁlﬂo A
zlj:l: % & Y ﬁ} *ﬁ K. A4 % T@ éi" 75%‘ I = j‘J:‘ ik 5, Lﬁ Figure 6 Electrophoresis of PCR products ITS of two
Asterarcys quadricellulare 3 B , ULHEH A HFHFMESE S T representative Chlorella sp.

Asterarcys quadricellulare, B HHFHELEBEIE S Asterarcys quadricellulare TE 3572 4K, A He b HAR F
HONG ZE2V % B . Asterarcys quadricellulare > B T 4§ [ PR b [H 37 K 2% (Kyungpook National University) £
bl -3 b iy — AR, SR R K8 Z AR AR TR AR DT me, Ui Esg s A - AR KEEZ A
YRR i 1 TR R I R ), BAT — R R BHE N . T GenBank | Scenedesmus sp.# 1TS [X 5 [H 7 51
FERRIE T o B LY, SRR EOR G OC REOL, M AMELAEN Y E RAHEEE XL,

3 #ik

AR FHELRBE D A A B H 2 MAFEIE S ERHAR, HFEZEUADRSRENE, 2
IR S B AE AR B BIAFTESE P R R . MIBE S 2 E R . A ARk 5 5| i 4 58 93 1AV (5] /)N Bk
BILSAHE, B AFHESE 5 5| B ISR B 1 22 88 AT 5 (B A HE 4% e Xt pH B 1 S i LA 5 A
WHEEAHIT o P8 EEX s 2 B 2 PR S A A HELR BE 1Y) 18S rDNA i ITS [X 5 K7 41 ¥ 5 i s Rk 1) A sterar-
cys quadricellulare W) [FIJFVE R, AHRIAEGR 100% . P, AHFTEHE A 2 AR 405 0 20 5608 o i e FL 1
Asterarcys quadricellulare, B 20 HELSkEE N HARFh . H 2 4 A MESR 3 19 ITS X EEH 7% 5 GenBank |- )
MR B Scenedesmus sp Af ] . pH (B 23 5 35 52 W B MIE 20 86 19 A2 1, R PR BA 58 ] A5 30300 ol 465 A 2 8 1Y)
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65 Scenedesmus sp. F140(KY655009.1)
_’_|7—Pectinodesmuspectinatus CCAP276/51e(JQ082321.1)
Coelastrella saipanensis LY31-2(MF383401.1)

Asterarcys sp. MS3(KM893430.1)
57 Acutodesmus sp. HH 10202(MF326554.1)
86 Scenedesmus sp. HH 10205(MF326557.1)
Scenedesmus obliquus(FR865726.1)
Scenedesmus sp.SM8_1(KT778095.1)
Acutodesmus nygaardii CCAP 276/50(1Q082320.1)
Chlorella emersonii(FR865674.1)
Asterarcys quadricellulare KNUA020(JQ043184.1)
99 |Scenedesmus sp. SM15_4(KT778094.1)
Chlorella sp. CTG1020-SZ(Group B)
Chlorellasp. CTG1020-XQ(Group A)
Graesiella emersonii(FR865687.1)
Chlorella emersonii(FR865661.1)

36

B/7 2aREMEEERENITS 5769 ZRALFH

Figure 7 Phylogenetic tree based on ITS sequencing of two representative Chlorella sp.
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