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Abstract: Precipitation sampling was took at Naqu of Tibet from June to October, 2013. Only two valid rainwater samples
in June and July were got. With the experiments of droplets freezing, the average frozen temperature of droplets
embedded with particulate matters (>0.22um) of rainwater samples were tested. Meanwhile, the activity of ice nuclei in
the original rainwater, filtered rainwater, rainwater added with protein denaturants, boiled rainwater had also been tested.
The results indicated that the average freezing temperatures of original rainwater droplets in June and July were —13.3°C
and —8.7°C, respectively. As for samples with the average freezing temperatures above —10°C, it can be concluded that
there were some biological ice nuclei in the original rainwater, which were sensitive to the protein denaturants and boiling.
However, their nucleation activities were different for these two months. The biological ice nuclei played a major role in
the freezing of droplets in July, but not in the June. The filtered rainwater still contained efficient biological ice nuclei, but
the compositions were still unknown. Using the cloning and sequencing technology, the bacteria 16S rRNA gene and the
fungi ITS1-5.8S-ITS2 gene that covered the two internal transcribed spacer and 5.8S rRNA gene were analyzed. The
results indicated that the bacterial genus of Pseudomonas and the fungal genus of Fusarium were recovered in the
rainwater and they were supposed to be two types of efficient biological ice nuclei.
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IR ITS1-5.8S-1TS2 41, R H] Mallard #Afx
L P I R A A R AT R W 2 B LR AR P AR H
Mothur(www.mothur.org/) % {4, 41 B 4% FEAH AL PE
AN T97% A R 4y A IR — > OTU
(Operational Taxonomic Units) ) J5 k47 42K,
TR AL AN T 99% 1) )5 51Kl 43 ok [+) —
A~ OTU B R WIREAT 4328, [m] I &5 tH &8> OTU 1)
REFPFNNREAHE 5 (XZ6, XZT) IR 2 FEIE
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SR FH A 7] PR3 25 R A 0 26 0 45 A 3t B X F K
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ATALER 7 H 0 B 7K BURL )R 6 A 1 i A 2
C3 Ab, FLA DU b 1 I A Kb 38 H A 2 oK% A
~10°C 1) BRI 85%LA 12K (A8 P FIxT Ak
WIUKAZ I RS 22 5 48R AE-10°C 418 B K
K> A 3.44% %) 87.05%2 [A] 484K,

HAFAER I, S WKFE S B AH B, Y 7KAE
it B2 F1 B3 P2 R S5 DL R AR -10°C SRR )
VKA H HB A TR, 7 B A BZKAE R i B3 B

B [P R 251 FE PRI T 4.6°C L6 AR MY ZKFE b
I B3 7E-10°C R2RMIUKEZEH L B1 Wb T
100%. T2l fL42 R 0.22um [IRYIRET 4k 25 ik
RE € B1 A e ) H A s Rk s e an
AR BB (1) L ARAR, H HAE-10°C L BT o
A VKA BIAFAE 0N R 738 700 R0 o 8 v 4k 2
J5i,B2 A1 B3 7E-10°C FIvKAZ Bk b IR i, v DL
DG B Hp B AR F R i B 3 Ak 2 A0k
(R UKAZ B — 2 I ARG 1, e O UK 2R 1
LR Py B0 B, IR H ETIE A A S 1) 3B
(I VKA. Christner 2612932173 5 5% F & 1 &
INFAAE BT R 7K R 25 7K b i AR oK A AT b B,
JLSEE0 25 0 BRI B AR BOR VA% B 15, %
FERAE-9°C B b SRR UKAZ M D B A 25%~64%,
T EAT N FAAE R AY 2 (AR VE 5, 5 R S 7E-9°C 2R
FRUKAZ D B AE 69%~100%,3X 5 AT 57 45 5
FEARZEAL.
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Table 1 The effects of Protein Denaturants and Boiling on the activities of Biological Ice Nuclei (%)
. T AL [ o B1 55 + C1 IS
B A X AT IR h Xt B1 [5400 g Xt C1 ¥ h
A2? A3 B2* B3 Cc2* C3
XZ6 -67.98 -96.92 -32.97 -100.00 —45.43 -85.24
X717 -84.05 -95.69 -3.44 -91.09 -7.17 —-33.21

Ve RN AR AL BT A2(B2,C2) 5 AR AU N AL BT AL(B1,CAH L, ZELE-10°C I ZAKEZ w5 b o b ab
FHA3(B3,C3) 5 AR N AL BRI AL(B1,C 1A L, 2EIR - 10°C I BAR VKA (/>

R2 RENEFEERTUSTRITME

Table 2 Assessment for indicators of the clone libraries

FE i o PR OTU 5 %(%) Chaol 5%\ Shannon $&%{
XZB6 56 21 77 41(26-94) 2.54(2.24-2.82)
XZB7 129 33 81 183(80~514) 2.46(2.21~2.71)
XZF6 59 7 9 12(3~39) 0.57(0.26~0.89)
XZF7 66 13 88 20(14~47) 1.55(1.24~1.86)
2.2 WPREER S EESRbR > BT 2.3 BHES A K
X} R ZK R M G SR DR e 6 SRR T 25 . 2.3 AHBEREVR SR B v SRR R

TR ARG, AN E 16S tRNA FE K P 51K 1 7
B SC R b :XZB6(56 7 34008 b 1), XZB7(129 A~
R ), B # ITS1-5.8S-1TS2 JE K 3 41| K
B T B S0 EE N XZF6(59 AN R v B 1),
XZF7(66 NI T). 3 2 45 4 D yale SO
() 55 A Fi b M R U e 4 R I 7 B R A
77%~92%, U\ RN 78 55 A% i v 3 B (1) 40 11 R0 EL B
FIEE.7 F 0y 7K 40 1 A F 2 (Chaol $5%0)
2 6 UMK IR 445,743 M 7K B LR R
FESE 6 AR 2 45 447, itk ] L, 7 g
6 J15 7 JI (R R KK it rh A B A AR K
ZE5e,7 H A WK IR 40 B RD ST R Rl B
T 6 JIUrRZK. BN b, 40 HEVE 1) 2 A
%1 (Shannon #8540 % 5 AN K AH LB K 2
FEMEFR B0 I 2 1 22 e 1K S5 BE I TR R i £ B
RSP FRET b7 Le 4T 06,6 H A K ) LA
KZ & T R—K il TR Ay E 2k A
FHbRAE A . BRI R R R DL
() 7 5 ] fig a2 BT BRI AN R 3 3l (R Bl
1 ARVE B0 X0 14D 5% W0, AT R 1 T b T AR g R
) 2B A B 1A AH. 53 A0, B R T st R 1 21K
AR UL B S ) o ) A S AR A I R 2 5
TR AR 2 7

OTU FIREIFHIN NCBI H 1T Blast LLxt (1)
S5 R R A3 14 AN E M B (18] 3).6 J 1 TK
FE S 40w S TR T T R B 1),
Sl 89.3% 1 8.9%.7 H 473 R ZKARE it v AR 4 TR A0 4%
AL L A TE BT T 58.1%, 2k
BT 3.8%, 5 8ERE T 11 32.5%. 9/ HAM RN 7K
FES A — R R AR AR, BD B AR T AN
(%) Massilia J&,"& 75 WA H 43 1) EeAgl 4350 A
37.2%H 67.8%.5358, 6 A ZKFE S TP R4
JBIEA y AT E NI Acinetobacter )& (12.5%) F
TERE T T Arthrobacter J& (8.9%) .7 F 4 M /KFE
i PR JEIRE B RIEWAMNN Variovorax J&
(7.8%) FIJEEER []11) Exiguobacterium J& (32.6%).
Sk ) Pseudomonas J&41THE HUNAE 6
H A3 B R ZKRE b A B, T ELBT o A AR,
AN oty A A T A B 1.8%.

2.3.2 HWHIEAR T 4 BoR,6 HUMN
K b B8 B 3 S 21 e 1) B 1R PR, 2 )
SEA T ] B2 ER R &8 (Cryprococcus) F - B
1] ) 45K B2 i (Aureobasidium), B BR o I8 b 44
XA 38 BT EL R 94.9%. 7 H A4 K FE
[ EC AN AIRT 5 38 9 AN S I B B b e e
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